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An  Account  of  the  Hot  Springs,  near  Rykutn,  in 
Iceland :  In  a  Letter  to  Dr.  Black,  from  John 
Thomas  Stanley,  Efq .  F.  R,  S.  F„  S.  A.  A. 
Lond.  and  F.  R.  S.  Edin„ 

[Read9  Nov.  7.  1791.] 


Dear  Sir, 

Alder ley^  Augufi  15,  1791* 

I  HAVE  been  prevented  hitherto,  by  various  oc¬ 
cupations,  from  acquitting  myfelf  of  a  promife  you 
received  from  me,  (I  am  afhamed  to  think  how 

long  a  time  lince),  that  I  would  fend  you  an  account 
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of  the  Hot  Springs  in  Iceland,  from  whence  the  water 
was  brought  which  you  have  lately  analyfed.  I  have 
trufted  you  would  excufe  a  delay  not  altogether  vo¬ 
luntary.  It  will  be  now  my  endeavour  to  gratify  your 
curiofity  as  far  as  I  am  able*  and  to  acquaint  you 
with  every  particular,  as  well  concerning  the  fprings, 
as  the  countiy  near  them,  which  I  think  you  may 
find  in  the  lead  interefting. 

We  faw  many  fprings  in  the  courfe  of  our  journey 
befides  thole  I  am  going  to  defcribe ;  nor  indeed  are 
they  confined  to  the  part  of  the  ifland  we  vifited,  but 
break  out  in  every  divifion  of  it.  For  a  general  ac¬ 
count  of  the  molt  remarkable,  I  refer  you  to  a  let¬ 
ter,  written  by  Dr.  Van  Trotl,  (the  prefent  Arch- 
bilhop  of  Upfal),  to  Profeffor  Bergman,  publifhed 
with  fome  others  concerning  Iceland,  in  the  year 

I777* 


The  defcriptions  given  by  this  author  are  fo  accu¬ 
rate,  that  it  will  not  be  in  my  power  to  give  you  much 
new  information.  I  muff,  in  a  great  meaiure,  re¬ 
peat  what  he  has  laid.  It  may  be  fatisfaHory,  how¬ 
ever,  to  you  to  have  his  relations  corroborated ;  and 
lame  further  details,  with  an  account  of  the  changes 


which,  in  a  few  indances,  have  taken  place  fince  he 
vifited  thefe  particular  fprings  in  1772*  may  contri¬ 
bute  to  explain  their  hidory,  and  the  caufe  of  their 
very  lingular  appearances. 

You  received  two  kinds  of  water,  one  from  a  fpring 
near  a  farm  called  Rykum,  and  the  other  from  the 
fountain  known  by  the  name  of  the  Geyzer,  the  mod 
remarkable  in  the  iiland.  It  rifes  near  the  farm  of 
Haukadal,  about  forty  miles  from  Rykum.  They 
<are  both  fituated  in  the  S.  W.  divifion  of  the  ifland. 

I  fhall  begin  with  a  defcription  of  the  country,  and 
the  fprings  near  Rykum,  and  of  the  fird  view  we  had 
of  them  in  our  way  from  Rykavick  to  Mount  Hecla. 
Rykum  is  lituated  in  a  valley,  which,  on  account  of 
its  fertility,  and  the  drong  contrad  it  made  with  the 
dreary  fcenes  we  had  patied  dnce  our  lad  dation,  ap¬ 
peared  to  us  with  great  advantage  while  we  approached 
it.  We  had  traverfed  a  country,  feven  or  eight  miles 
in  breadth,  entirely  overfpread  with  lava,  and  other 
volcanic  matter.  It  was  furrounded  with  hills,  not 
diffidently  high  to  be  majedic,  and  too  rugged  and 
too  barren  to  be  pleating.  We  were  told  by  our  guides, 
that  on  a  clear  day,  the  fummits  of  Hecla  might  be 
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feen  above  thofe  which  were  immediately  before  us  ». 
but  heavy  and  lowering  clouds,  which  threatened  us 
inceflantly  with  a  ftorm,  concealed  every  diftant  object 
from  our  fight. 

We  faw  many  diftri&s  in  Iceland  covered  with  lava; 
but  I  do  not  recoiled!  one  fo  uncouth  and  defolate  as 
this.  No  vegetation  was  to  be  feen,  but  that  of  a  few 
Hunted  bufiies  of  willow  and  birch,  growing  between 
the  crevices  and  hollows  of  the  lava,  into  which  the 
wind  had  drifted  fufficient  foil  for  them  to  take  root. 
We  could  difcover  no  mouth  or  crater  from  whence  we 
could  conjecture,  with  any  degree  of  probability,  the 
lava  to  have  ilfued.  It  extended  round  us  like  a  fea; 
and  it  had  burft  perhaps  from  lbme  part  of  the  coun¬ 
try  it  now  covered,  while  the  fire  to  which  it  owed 
its  origin,  had  efcaped  with  its  fhowers  of  cinders  and 
afhes,  from  fome  other  orifice,  and  had  formed  one 
of  the  numberlefs  cones  we  could  difcover  amidfi: 
the  neighbouring  hills. 

The  unpleafantnefs  of  our  ride  over  this  country 
was  increafed  by  the  continual  danger  to  which  we 
were  expofed  of  our  horfes  falling.  The  road  was 
no  othey  than  what  the  few  travellers  of  the  coun- 
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try,  as  they  pafled  from  their  farms  to  Rykavick,  had 
tracked  over  the  lava,  where  it  was  leaf!  rough ;  but 
even  this  was  interrupted  by  many  breaks  and  cre¬ 
vices,  formed  by  the  cooling  of  the  matter,  and  the 
contraction  of  its  parts. 

To  this  uncomfortable  fcene  fucceeded  the  view 
of  a  rich  valley,  opening  into  an  extenfive  green 
plain,  bounded  by  the  fea.  A  river  was  feen  wind¬ 
ing  between  feveral  fertile  meadows;  and  beyond 
thefe,  the  valley  was  terminated  by  a  range  of  high 
and  bold  rocks.  But  our  attention  was  chiefly  at¬ 
tracted  bv  the  clouds  of  fleam,  which  afcended  in 
various  parts  of  the  valley  from  the  hot  fprings,  and 
by  jets  of  water  which,  from  fome  of  them,  were 
inceflantly  darted  into  the  air. 

We  defcended  into  the  valley  by  a  road  winding 
over  the  lava,  which  in  one  place  had  flowed  from 
the  upper  plain  into  the  country  below.  On  each 
fide  it  had  flopped  abruptly,  and  had  thus  formed  a 
perpendicular  wall,  at  leafl  fixty  feet  high. 

We  pitched  our  tents  in  a  pleafant  field,  on  the 
fide  of  the  river,  oppofite  to  the  farm,  and  not  far 
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from  It ;  and  at  the  foot  of  the  hills  which  bounded 
the  valley.  Several  fragments  of  rocks,  which  had 
fallen  from  thefe,  lay  fcattered  round  our  dation. 
Thefe  were  entirely  volcanic ;  fome  of  dark  blue  lava," 
not  unlike  bafalte  •  others  of  a  yellow  fubftance ;  and 
again  others  of  a  grey  lava,  mixed  with  a  great  quan¬ 
tity  of  white  glafs:  but  the  mod:  curious  confided  of 
jin  heterogeneous  mixture  of  various  fubdances,  ce¬ 
mented  indifcriminately  together  by  fome  operation, 
fubfequent  to  their  original  formation,  and  fo  ftrongly, 
that  the  rock  was  broken  with  difficulty  by  our  ham¬ 
mers.  It  condded  of  pieces  of  black  glafs,  (a  lava  in 
all  probability  much  vitrified),  and  large  pieces  of  a 
clofe,  grey  lava,  the  cavities  and  pores  of  which  were 
filled  with  zeolites  finely  radiated.  Some  pieces  of 
black  lava,  in  parts  compa<d,  and  in  other  parts  fo 
porous  as  to  approach  nearly  to  a  pumice  done,  were 
mixed  with  the  red  of  the  mafs.  A  mixture  of  thefe 
fame  fubdances,  (the  lavas,  the  glafs,  and  the  zeolites), 
pounded  in  fmall  grains,  filled  the  fpaces  between  the 
larger  pieces,  and  connefted  the  whole  into  a  folrcl 
rock.  The  heat  (if  heat  it  was)  which  had  cemented 
thefe  materials,  had  not  been  drong  enough  to  reduce 
any  one  to  a  date  of  fudon ;  for  the  angles  of  the  frag- 
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ments  were  as  fbarply  defined  as  if  newly  feparatedl 
from  their  refpedtive  original  beds. 

The  rocks  from  whence  thefe  different  mafles  have 
been  detached,  lay  heaped  together  in  fo  disjointed 
and  irregular  a  manner,  that  fome  violent  convulfion 
has  evidently  taken  place  among  them  fince  their  firffc 
formation;  but  fimilar  appearances  of  diforder  are  to 
be  feen  in  every  range  of  hills  in  the  country.  Regu¬ 
lar  ftrata  are  no  where  to  be  met  wdth.  It  appears  as 
if  all  this  part  of  the  ifiand,  at  different  periods,  had 
been  thrown  up  from  its  foundations. 

The  valley  is,  in  this  place,  fertile;  and  nearly  half 
a  mile  in  breadth.  It  becomes  more  narrow  towards 
the  north ;  and  it  is  there  rendered  barren  by  heaps  of 
crumbled  lava,  or  other  rubbifh,  brought  down  from 
the  hills  by  the  waters.  Thefe  have  the  appearance  of 
artificial  mounds,  and  a  great  number  of  fprings  are 
continually  boiling  through  them.  Below  the  fui*face, 
a  general  decompofition  feems  taking  place :  for  almoft 
wherever  the  ground  is  turned  up,  a  ffrong  heat  is 
felt,  and  the  loofe  earth  and  ffones  are  changing  gra¬ 
dually  into  a  clay,  or  bole  of  various  colours,  and 
beautifully  veined,  refembling  a  variegated  jafper.  The 


heat  may  poflibly  proceed  from  a  fermentation  of  the 
materials  compofing  thefe  mounds;  but  more  proba¬ 
bly  (I  fhould  conjecture)  from  the  fprings  and  fleam 
forced  up  through  them.  The  fprings  mu  ft  have  ac¬ 
quired  their  heat  at  fome  greater  depth,  from  fome  con- 
ftant,  fteady  caufe,  (however  difficult  to  explain),  ade¬ 
quate  to  the  length  of  time  they  have  been  known  to 
exift,  with  the  fame  unvaried  force  and  temperature. 

Springs  do  not  boil  on  or  near  thefe  banks  only. 
They  rife  in  every  part  of  the  valley,  and  within  the 
circumference  of  a  mile  and  an  half,  more  than  an 
hundred  might  eafily  be  counted.  Moft  of  them  are 
very  fmall,  and  may  be  juft  perceived  fimmering  in 
the  hole  from  whence  the  fteam  is  bluing.  This,  trail¬ 
ing  on  the  ground,  depofits,  in  fome  places,  a  thin 
coat  of  fulphur.  The  proportion  varies;  for  near 
fome  of  thefe  fmall  fprings,  fcarce  any  is  perceptible, 
whilfl  the  channels  by  which  the  water  efcapes  from 
others,  are  entirely  lined  with  it.  for  feveral  yards. 
Neither  the  water,  nor  the  fteam  from  the  larger  fprings, 
ever  appear  to  depofit  the  fmalleft  proportion  of  ful- 
phur;  nor  can  the  fulphureous  vapour  they  contain  be 
difcovered,  otherwife  than  by  the  tafte  of  what  has 
been  boiled  in  them  for  a  long  time. 
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Many  fprings  boil  in  great  caldrons  or  bafons,  of 
-two,  three,  or  four  feet  diameter.  The  water  in  thefe 
is  agitated  with  a  violent  ebullition,  and  vafl  clouds  of 
fleam  fly  off  from  its  furface.  Several  little  flreams 
are  formed  by  the  water  which  efcapes  from  the  ba¬ 
fons  ;  and  as  thefe  retain  their  heat  for  a  conliderable 
way,  no  little  caution  is  required  to  walk  among  them 
with  fafety. 

The  thermometer  conffantly  rofe  in  thefe  fprings, 
to  the  2 1 2th  degree;  and  in  one  fmall  opening,  from 
whence  a  quantity  of  fleam  iffued  with  great  impetuo- 
£ty,  Dr.  Wright  obferved  the  mercury  rife,  in  two 
fuccefiive  trials,  to  the  213th  degree. 

I  have  already  faid,  that  the  ground,  through  which 
many  of  the  fprings  were  boiling,  was  reduced  to  a 
clay  of  various  colours.  In  fome,  the  water  is  quite 
turbid ;  and,  according  to  the  colour  of  the  clay  through 
which  it  has  palled,  is  red,  yellow,  or  grey. 

The  fprings,  however,  from  whence  the  water  over¬ 
flows  in  any  great  quantity,  are,  to  appearance,  per¬ 
fectly  pure.  The  moll  remarkable  of  thefe  was  about 

fifty  or  fixty  yards  from  our  flation,  and  was  diftin- 
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guifhed  by  the  people  of  the  neighbourhood,  by  the 
name  of  the  Little  Geyzer,  The  water  of  it  boiled  with 
a  loud  and  rumbling  noife  in  a  well  of  an  irregular 
form,  of  about  fix  feet  in  its  greateft  diameter ;  from 
thence  it  burfi  forth  into  the  air,  and  fubfided  again 
nearly  every  minute.  The  jets  were  dallied  into  fpray 
as  they  rofe,  and  were  from  twenty  to  thirty  feet  high. 
Volumes  of  fleam  or  vapour  afcended  with  them,  and 
produced  a  moll  magnificent  effect,  particularly  if 
the  dark  hills,  which  almoft  hung  over  the  fountain, 
formed  a  back  ground  to  the  picture.  The  jets  are 
forced,  in  rifing,  to  take  an  oblique  direction,  by  two 
or  three  large  flones,  which  lay  on  the  edge  of  the 
bafon.  Between  thefe  and  the  hill,  the  ground  (to 
a  diftance  of  eight  or  nine  feet)  is  remarkably  hot,  and 
entirely  bare  of  vegetation.  If  the  earth  is  fiirred,  a 
fleam  inftantly  rifes,  and  in  fome  places  it  was  co¬ 
vered  with  a  thin  coat  of  fulphur,  or  rather,  I  fliould 
fay,  fome  loofe  flones  only  were  covered  with  flakes 
of  it.  In  one  place,  there  was  a  flight  efflorefcence 
on  the  furface  of  the  foil,  which,  by  the  tafle,  feemed 
to  be  alum. 

The  fpray  fell  towards  the  valley,  and  in  that  di¬ 
rection  covered  the  ground  with  a  thick  incruftation 


of  matter  Which  it  depofited.  Clofe  to  this,  and  in 
one  fpot,  very  near  the  well  itfelf,  the  grafs  grows  with 
great  luxuriance. 

Where  the  foil  was  heated,  it  was  gradually  (as  on 
the  mounds)  changing  into  a  clay.  But  it  was  here 
more  beautiful  than  in  any  other  place.  The  colours 
were  more  varied  and  bright,  and  the  veins  were 
marked  with  more  delicacy.  The  tranfition  likewife 
from  one  fubftanee  into  the  other  was  more  evident 
and  fatisfadtory. 

To  the  depth  of  a  few  inches,  the  ground  confided 
of  loofe  lavas,  broken  and  pounded  together,  of  blue, 
fed,  and  yellow  colours.  The  blue  lava  was  hardeft  ; 
and  feveral  pieces  of  it  remained  firm  and  unaltered, 
while  the  reft  were  reduced  to  a  duft.  The  colours 
became  brighter,  as  the  decompofition  of  the  fub- 
ftances  advanced,  and  they  were  changed  at  the  depth 
Of  nine  or  ten  inches  into  a  clay ;  excepting,  however, 
the  pieces  of  dark  blue  lava,  which  ftill  retained  fuffi- 
cient  hardnefs  to  refift  the  prefiure  of  the  finger. 
Round  thele,  (which  appeared  infulated  in  the  midft 
of  the  red  and  yellow  clay),  feveral  veins  or  circles 
were  formed  of  various  (hades  and  colours.  A  few 


Inches  deeper,  thele  alfo  became  part  of  the  clay,  but 
lfill  appearing  diflirfef,  by  their  circles,  from  the  fur¬ 
rounding  mafs.  The  whole  of  this  variegated  fub- 
flance  refted  on  a  thick  bed  of  dark  blue  clay,  which 
had  evidently  been  formed  in  the  fame  manner  from 
fome  large  fragment  of  blue  lava,  or  ftratum  of  it, 
broken  into  pieces. 

r  *  » 
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The  refemblance  of  thefe  clays  to  jafper  is  fo  {hiking 
to  the  eye,  that  I  cannot  forbear  believing  their  origin 
to  be  fimilar,  at  leaf!,  that  fome  circumftances  in  the 
formation  of  each  are  the  fame.  You  will  fay,  with 
reafon,  that  the  difference,  notwithstanding  the  appa¬ 
rent  fimilitude,  is  in  reality  very  wide;  that  thefe  clays, 
before  they  can  be  converted  Into  jafpers,  require  to  be 
confolidated,  and  impregnated  with  a  conhderable  pro¬ 
portion  of  filiceous  earth.  It  is  fomething,  however, 
to  have  detected  nature  in  the  adf  of  forming,  in  any 
fubftance,  the  veins  and  figures  common  to  marbles 
and  jafpers.  What  flili  remains  of  the  procefs,  after 
thus  much  of  it  has  been  traced,  may  not  long  con¬ 
tinue  unknown ;  and  in  Iceland,  probably  fooner  thary 
elfewhere,  will  be  difcovered  beds  of  clay,  like  this, 
hardening;  into  hone,  either  bv  the  effedl  of  fubterra- 
neons  heat,  or  preffure  promoting  an  adhefion  of  the- 
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particles,  or  by  fome  infinuation  of  matter  (perhaps 
filiceous)  into  the  pores  of  the  mafs. 

There  is  another  fountain  in  the  valley,  not  much 
inferior  in  beauty  to  that  which  I  have  defcribed.  It 
breaks  out  from  under  one  of  the  mounds,  clofe  to 
the  river.  Its  eruptions  are,  I  think,  in  fome  refpedfs, 
more  beautiful  than  thofe  of  the  former.  They  rife 
nearly  to  the  fame  height,  and  the  quantity  of  water 
thrown  up  at  one  time  is  greater,  and  not  fo  much 
fcattered  into  fpray.  The  jets  continue  feldom  longer 
than  a  minute,  and  the  intervals  between  them  are 
from  five  to  fix  minutes.  They  are  forced  to  bend 
forwards  from  the  well,  by  the  fnelving  of  the  bank, 
or  probably  their  height  would  be  very  confiderable; 
for  they  appear  to  be  thrown  up  with  great  force.  We 
never  dared  approach  near  enough  to  look  deep  into 
the  well ;  but  we  could  perceive  the  water  boiling  near 
its  furface,  from  time  to  time,  with  much  violence. 
The  ground  in  front  of  it,  was  covered  with  a  white 
incruftation,  of  a  more  beautiful  appearance  than  the 
depofition  near  any  other  fpring  in  this  place.  By  a 
trial  of  it  with  acids,  it  feemed  aknofl  entirely  calcar 


reous. 
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1  have  now  defcribed  to  you  the  two  moft  remark- 
able  fountains  in  the  valley  of  Rykum,  the  only  two 
which  throw  up  water  to  a  conliderable  height  with  any 
regularity.  There  are  fome  from  whence,  in  the 
courfe  of  every  hour,  or  half  hour,  beautiful  jets  burft 
out  unexpectedly ;  but  their  eruptions  continue  only  a 
few  feconds,  and  between  them  the  water  boils  in  the 
fame  manner  as  in  the  other  bafons. 

Towards  the  upper  end  of  the  valley,  there  was  a 
very  curious  hole,  which  attracted  much  of  our  at¬ 
tention.  It  feemed  to  have  ferved  at  fome  former  pe¬ 
riod  as  the  well  of  a  fountain.  It  was  of  an  irregular 
form,  and  from  four  to  five  feet  in  diameter.  It  was 
divided  into  different  hollows  or  cavities  at  the  depth 
of  a  few  feet,  into  which  we  could  not  fee  a  great  way, 
on  account  of  their  direction.  A  quantity  of  fleam  if- 
fued  from  thefe  recedes,  which  prevented  us  from  ex¬ 
amining  them  very  clofely.  We  were  tunned  while 
{landing  near  this  cavern,  and  in  fome  meafure  alarm¬ 
ed,  by  an  amazing  loud  and  continued  noife  which 
came  from  the  bottom.  It  was  as  loud  as  the  blafl  of 
air  forced  into  the  furnace  from  the  four  great  cylinders* 
at  the  Carron  iron* works. 


We  could  difcover  no  water  in  any  of  the  cavities  | 
but  we  found  near  the  place  many  beautiful  petrifac¬ 
tions  of  leaves  and  modes.  Thev  were  formed  with 
extreme  delicacy,  but  were  brittle,  and  would  not  bear 
fnuch  handling;  their  fubftance  feemed  chiefly  argil¬ 
laceous. 

We  perceived  fmoke  ifluing  from  the  ground  in 
many  places  in  the  higher  parts  of  the  valley,  much 
farther  than  we  extended  our  walks.  I  am  forry  to 
fay  we  left  many  things  in  this  wonderful  country  un¬ 
examined;  but  we  were  checked  in  our  journey  by 
many  circumftances,  which  allowed  us  neither  the 
leifure  nor  the  opportunity  for  exploring  every  part  of 
it  as  we  could  have  wifhed.  The  fubftances  depofited 
near  the  different  fprings  feemed  to  me,  in  general,  a 
mixture  of  calcareous  and  argillaceous  earths ;  but  near 
one  fpring,  not  far  from  our  tents,  there  feemed  to 
be  a  flight  depofition  of  filiceous  matter.  To  the  eye 
it  refembled  calcedony ;  but  with  its  tranfparency,  it 
had  not  the  fame  hardnefs,  and,  if  prefled,  would  break 
to  pieces.  The  water  you  have  analyfed  came  from, 
this  fpring,  and  we  were  obliged  to  take  fome  care 
in  filling  the  bottles ;  for  though  gradually  heated,  they 


would  break  when  the  water  was  poured  into  them,  if 
it  had  not  been  previoufly  expofed  to  the  air  for  fome 
minutes  in  an  open  veflel. 

The  water  of  this  fpring  boiled,  as  in  moil  of  the 
others,  in  a  cauldron  four  or  five  feet  broad.  I  do  not 
recolle£t  to  have  feen  any  of  it  ever  thrown  up  above 
a  foot,  and  fome  meat  we  drefled  in  it  tailed  very 
flrongly  of  fulphur. 

Mr*  Baine,  by  a  meafurement  of  the  depth,  the 
breadth,  and  the  velocity  of  the  flream  flowing  from 
the  Little  Geyzer,  found  the  quantity  of  water  thrown 
up  every  minute  by  it  to  be  59,064  wine  gallons,  or 
78.96  cubic  feet.  Mr.  Wright  and  myfelf  followed 
the  flream,  to  obferve  how  far  any  matter  continued 
to  be  depoflted  by  the  water.  We  found  fome  little 
Hill  depoflted  where  it  joined  the  river,  a  quarter  of  a 
mile  at  leafl  from  its  fource.  At  that  place,  it  re¬ 
tained  the  heat  of  83  degrees  by  Fahrenheit’s  thermo¬ 
meter. 

The  vegetation  on  the  banks  of  the  ftream,  and  in 
the  pleafant  meadows  through  which  it  flows,  is  ex- 
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ceedingly  luxuriant.  The  farmer  and  his  people  were 
at  this  time  employed  in  cutting  the  hay  in  them, 
which,  though  not  high,  was  thick,  and  remarkably 
fweet.  The  plants  which  Mr.  Wright  found  in  the 
greatefl  perfection,  were  the  fedum  acre,*  the  vero¬ 
nica  becabunga,f  the  polygonum  viviparum,|  and  the 
comarum  paluftre.§ 

A  little  above,  where  the  current  from  the  Little 
Geyzer  falls  into  the  river,  part  of  the  lava,  which  has 
defeended  from  the  upper  into  the  lower  plain,  has 
aflumed  clofe  to  its  banks,  for  the  fpace  of  fome  yards, 
a  regular  columnar  fhape.  The  pillars  are  fhort,  and 
have  five  or  fix  tides.  I  cannot  be  very  exadt  in  my 
account  of  them,  as  they  were  on  the  oppofite  fide  of 
the  river.  I  fhould  fuppofe  they  were  nearly  a  foot 
and  an  half  in  diameter.  Some  were  horizontal,  and 
others  vertical.  We  obferved  the  fame  appearance  in 
many  of  the  tracts  of  lava  we  traverfed  on  our  jour¬ 
ney,  and,  in  one  or  two  infiances,  in  thofe  which  had 
flowed  from  the  fides  of  Mount  Hecla,  though  the 
pillars  there  were  lefs  perfectly  defined. 

*  Pepper  ftorie  crop.  £  Snake  weed, 

f  Brook  lime.  §  Purple  marfh,  ariquefoil* 
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So  many  Streams  of  hot  water  fall  into  the  river,, 
that  it  receives  from  thence  a  very  perceptible  degree 
of  heat.  The  thermometer,  immerfed  in  it  above 
where  it  is  joined  by  the  waters  of  the  Little  Geyzer, 
rofe  to  67  degrees,  while  in  the  open  air  it  flood  at  60. 
The  breadth  of  the  river  in  the  fame  place  is  forty  feet* 
its  mean  depth  two  feet  and  an  half,  and  its  courfe  is 
rather  rapid.  Several  kinds  of  fifh  are  found  in  it; 
in  particular,  numbers  of  very  fine  falmon. 

The  village  of  Rykum  or  Ryka,  called  either  indis¬ 
criminately,  from  Ryk,  an  Icelandic  word,  fignifying 
fmoke,  is  fituated  in  the  middle  of  the  valley,  and,  by 
an  observation  made  by  Mr,  Baine,  is  in  latitude 
64°  4'  38"  N.  about  twenty  miles  from  Rykiavick, 
and  eight  or  ten  from  Oreback,  a  fmaii  harbour  on 
the  Southern  coaft  of  the  iiland.  The  village  confifts 
of  the  farmer's  houfe,  and  the  houfes  of  his  Servants 
or  dependants,  and  a  Small  church.  All  the  adjacent 
lands  belong  to  him,  and  he  keeps  a  conliderable  num¬ 
ber  of  Sheep  and  cattle,  and  Some  few  horfes.  Thefe 
conftitute  his  riches ;  and  he  purchafes  at  Rykiavick, 
with  fkins,  wool,  and  butter,  whatever  he  requires, 
of  which  the  chief  article  is  fifh,  for  his  winter’s 
provifion. 


I9 

I  have  now  related  to  you  every  circum  fiance  that 
has  occurred  to  me  worth  mentioning  concerning  this 
interefling  valley.  I  have  regretted  much,  however, 
my  inability  to  give  you  a  more  accurate  account  of 
fome  parts  of  it;  in  particular,  of  the  many  fprings 
which  break  out  near  the  hills  to  the  north,  and  of  the 
rocks  above  the  field  where  we  placed  our  tents,  which 
deferved  more  attention  than  I  gave  to  them.  But  we 
remained  in  this  valley  a  fliort  time  only,  and  the 
weather,  during  our  continuance  there,  was  very  un¬ 
favourable.  I  fhall  here  clofe  this  letter,  and  referve 
for  another  (which  you  may  very  foon  expedl)  the  ac¬ 
count  I  have  yet  to  fend  you  of  the  Great  Geyzer,  and 
the  fprings  near  Haukadal. 

I  am,  Dear  Sir,  with  great  efleem,  your  mofl  obe¬ 
dient  fervant, 


John  Tho.  Stanley. 


*  tv  '  •'  ■  T.. 
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An  Account  of  the  Hot  Springs  near  Haukadal , 
in  Iceland:  in  a  fecond  Letter  to  Dr.  Black,  from 
John  Thomas  Stanley,  Efq.  F.R.S.  F.  S.  A 
Lond.  and  F.  R.  S.  Edin. 

[Read  April  30,  1792.] 


Grofvenor  Place ,  March  30,  1792. 

Dear  Sir, 

Part  of  my  promife  has  been  accomplilhed  in  a 
former  letter,  in  which  I  gave  you  the  fulleft  account 
I  could  of  the  fprings  of  boiling  water  that  rife  in  the 
valley  of  Rykum.  It  now  remains  for  me  to  fend  you 
a  defcription  of  thofe  we  vifited  in  the  neighbourhood 
of  Haukadal. 


Thefe  laft  are  the  mo  ft  remarkable  in  the  ifland, 
and  the  eruptions  of  water  from  fome  of  them  fo 
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ailonifhing,  that  I  doubt  whether  any  adequate  idea  of 
-their  effefi  can  be  given  by  defcription.  Abier  pens 
than  mine  might  fail  probably  in  attempting  to  do  juf- 
tice  to  fuch  wonderful  phenomena.  The  objects,  how¬ 
ever,  are  fo  highly  interefling  in  themfelves,  that  even 
the  flmpleft  narrative  that  can  be  given  of  them  will  be 
read  with  more  than  ordinary  attention. 

•They  are  fi tuated  about  fix  and  thirty  miles  from 
Mount  Hecla,  and  about  twelve  miles,  in  a  north- 
eafi:  dire&ion,  from  the  village  of  Skalholt.*  The  road 
from  thence  to  the  fprings  is  over  a  flat  country, ^which, 
although  marfhy  in  feveral  places,  is  not  unpleafant  to 
the  eye,  and  abounds  in  excellent  pafiurage. 

The  fleam  afcending  from  the  principal  fprings  du¬ 
ring  their  eruptions  may  be  feen  from  a  confiderable 
diflance.  When  the  air  is  Hill,  it  rifes  perpendicu- 

'  •  *  *  ‘  *  ■  *  '  ’  ;  ■  '  i 

%  Skalholt  confifts  of  the  Cathedral,  a  large  building  of  wood, 
and  of  a  very  few  heufes  belbnging  to  the  Bilhop  and  his  dependants. 
The  Bilhops  of  the  fouthern  divifion  of  Iceland  have  always  refided 
there ;  but  in  future  their  refidence  will  be  at  Rykiavick,  a  town 
trow  building  on  the  fouth-wefl  coaft  of  the  ifland.  The  prefent  Bi¬ 
lhop,  however,  the  worthy  and  learned  Mr.  Fins  on,  has  obtained 
the  peimifiion  of  continuing  his  refidence  at  Skalholt  during  the 
/emainder  of  his  life. 
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larly,  like  a. column,  to  a  great  height;  then  fpreads 
itfelf  into  clouds,  which  roll  in  fucceffive  maffes  over 
each  other,  until  they  are  loll  in  the  atmofphere.  We 
perceived  one  of  thefe  columns,  when  diftant  iixteen 
miles  at  lead,  in  a  diredl  line  from  Haukadal. 

The  fprings  modly  rife  in  a  plain,  between  a  river 
that  winds  through  it,  and  the  bafe  of  a  range  of  low 
hills.  Many,  however,  break  out  from  the'lides  of 
the  hills,  and  fome  very  near  their  fummits.  They 
are  all  contained,  to  the  number  of  one  hundred  or 
more,  within  a  circle  of  two  miles. 

The  mod:  remarkable  fpring  rifes  nearly  in  the  midft 
of  the  other  fprings,  clofe  to  the  hills.  It  is  called 
Geyzer;*  the  name  probably  in  the  old  Scandinavian 
language  for  a  fountain,  from  the  verb  geyfa ,  fignify- 
ing  to  gujh ,  or  to  rujh  forth.  The  next  mod  remarka¬ 
ble  fpring  rifes  at  a  diftance  of  one  hundred  and  forty 
yards  from  it,  on  the  fame  line,  at  the  foot  of  the  hills. 
We  called  it  the  New  Geyzer,  on  account  of  its  hav¬ 
ing  but  lately  played  fo  violently  as  at  prefent. 


*  Three  or  four  only  of  the  principal  fprings  in  Iceland  are  dif- 
tinguifhed  by  the  name  of  Geyzer,  and  of  all  the  fprings  near  Hau¬ 
kadal  the  gieateft  is  alone  called  Geyzer,  or  Great  Geyzer. 


There  are  others  of  confequence  in  the  place,  but 
none  that  approach  to  thefe  in  magnificence,  or  that 
when  compared  with  them,  deferve  much  defcription. 
The  generality  of  the  fprings  are  in  every  refpedl  find- 
lar  to  thofe  near  Ryktim ;  boiling  in  caldrons  of  three 
or  four  feet  diameter,  and  fome  of  them  throwing 
their  water  from  time  to  time,  by  fudden  jets,  into  the 
air.  Many  fprings  in  this  place,  as  in  the  other,  boil 
through  ftrata  of  coloured  clay,  by  which  they  are  ren¬ 
dered  turbid.  Here,  however,  the  red  clays  were 
brighter,  and  in  a  greater  proportion  to  the  clays  of 
other  colours.  Here  alfo,  as  in  the  valley  of  Rykum, 
are  many  fmall  fprings,  which  throw  out  fulphureous 
vapour,  and  near  which  the  ground,  and  the  channel 
of  the  water,  are  covered  and  lined  with  a  thin  coat 
of  fulphur. 

The  farm  of  Haukadal,  and  the  church  of  the  pa- 
rifli,  hand  near  to  each  other  about  three  quarters  of 
a  mile  beyond  the  great  fpring.  The  houfe  is  one  of 
the  belt  built  in  Iceland.  It  occupies  a  large  fpace  of 
ground,  and  confifts  of  feveral  divilions,  to  each  of 
which  there  is  an  entrance  from  without.  Some  of 
thefe  are  ufed  as  barns  and  ftables  for  the  cattle,  and 
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others  as  work-ftiops.*  The  dwelling  part  of  this  houfe 
was  fmall  but  comfortable.  There  was  a  parlour  with 
glafs  windows,  a  kitchen,  and  feparate  bedchambers 
for  the  family.  The  building  was  partly  of  ftone, 
partly  of  wood,  and  covered  with  fods,  under  which 
the  bark  of  birch  trees  on  boards  was  placed,  as  a 
greater  fecurity  again  ft  rain. 

We  were  obliged  to  the  miftrefs  of  this  farm,  who 
was  a  rich  widow,  for  a  very  hofpitable  reception,  altho’ 
at  firft  fhe  feemed  to  confider  us  as  rather  unwelcome 

i  * 

vifttors,  and  left  us,  though  we  had  requefted  admit¬ 
tance  into  her  houfe,  (as  we  were  drenched  with  rain, 
and  our  tents  and  baggage  not  yet  arrived)  to  take  up 
our  lodging  in  the  church.  We  had  not  been  long 
there,  however,  before  ftie  invited  us  to  her  houfe, 
and  by  her  kindnefs  made  ample  amends  for  her  former 
inattention.  She  put  us  in  pofteflion  of  her  beft  room, 
and  fet  before  us  plenty  of  good  cream,  fame  wheat 

*  As  the  divifion  of  labour  is  yet  very  imperfect  in  Iceland,  the 
farmer  is  under  the  neceffity  either  of  exercifing  himfelf  the  feveral 
trades  required  in  the  formation  of  the  inftruments  of  agriculture,  or 
of  maintaining  fuch  fervants  as  are  capable  to  fupply  them. 
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cakes j  fugar,  and  a  kind  of  tea  made  of  the  leaves  of 
the  dry  as  ofiopetala .* 

I  mention  thefe  circumftances  of  our  reception  at 
Haukadal,  as  chara£terifi:ic  of  the  manners  of  the  Ice¬ 
landers.  Several  times  during  my  hay  in  the  country, 
I  experienced  this  fucceflion  of  civility  to  coldnefs. 
The  Icelanders  are  naturally  good,  but  not  eafilv  roufed 
to  feeling.  When  once  their  conflitutional  indifference 
was  overcome,  we  ufually  found  them  defirous  of 
pleafing,  and  zealous  to  do  us  fervice. 

As  the  houfe  was  not  fufficiently  large  to  contain  the 
whole  of  our  party,  we  were  under  the  neceflity  of  re¬ 
turning  again  to  the  church,  as  foon  as  our  baggage  ar¬ 
rived.  Here  we  palled  the  firft  and  fecond  nights  of 
our  hay,  in  the  neighbourhood  of  the  fprings.  On 
the  third  day  we  left  Haukadal,  to  fix  ourfelves  in  fome 
Hation  nearer  to  them,  from  which  we  could  watch 
their  eruptions  with  more  convenience. 

*  Called  in  Englilh  the  Mountain  Avens.  We  found  this  plant 
growing  very  luxuriantly,  and  in  great  abundance,  in  every  part  e£ 
Iceland  that  we  vifited. 


The  view  from  near  the  church  was  very  beautiful. 
It  extended  toward  the  fouth  along  the  plain  into  an 
open  country.  On  the  other  fide,  it  was  bounded  by 
hills,  which  had  not  the  barren  and  rugged  appearance 
that  deform  almoft  every  fcene  in  this  divifion  of  the 
ifiand.  It  was,  however,  ftill  finer  from  fome  of  the 
eminences  near  the  fprings.  The  plain  and  the  fur¬ 
rounding  mountains,  feen  from  a  height,  appeared  to 
more  advantage;  and  the  eruptions  from  the  great 
wells  breaking  from  time  to  time,  the  general  ftillnefs 
that  prevailed,  were  much  more  diftindt.  The  courfe 
of  the  river  winding  under  the  eye,  could  be  traced 
with  greater  accuracy.  It  flows  through  the  plain  into 
an  open  country,  where,  being  increafed  by  the  wa¬ 
ters  of  numerous  flreams  and  rivulets,  it  bends  to  the 
weft  ward,  and  near  Skalholt  falls  into  a  confiderable 
river,  the  Huit-aa. 

The  pleafant  and  fertile  paftures  near  its  banks  were 
enlivened  by  numerous  herds  of  cattle  and  fheep,  the 
united  riches  of  three  or  four  farmers  in  the  neighbour¬ 
hood  of  Haukadah  The  mowers  alfo  at  work  in  the 
different  fields  furrounding  each  houfe,  gave,  at  this 
feafon,  additional  beauty  to  the  profpedf,  High  hills 
to  the  weftward  were  feparated  from  the  eminencies  ' 
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immediately  above  the  fprings,  by  a  narrow  valley. 
They  were  partly  clothed  with  bullies  of  birch,  which 
although  in  no  place  above  five  feet  high,  were  gratis 
fying  to  the  light,  which  fo  feldom  in  Iceland  can  reft 
on  any  appearance  even  of  underwood.  Above  thefe, 
feme  vegetation  ftill  continued  to  cover  the  lides  of 
the  hills,  and  Mr.  Wright  found  a  variety  of  plants f 
near  their  fummits,  which  were  certainly,  in  fome 
places,  not  lefs  than  1 600  feet  above  the  plain. 

To  the  eaftward,  the  plain,  feveral  miles  in  breadth, 
was  bounded  by  a  long  range  of  blue  mountains,  ex¬ 
tending  conliderably  to  the  fouth.  Beyond  thefe,  the 
triple  fumrnit  of  Hecla  may  be  feen  from  the  weftern 
hills;  but  I  could  not diftinguilh  it  from  the  plain,  or 
even  from  the  heights  whence  the  view  of  the  fur¬ 
rounding  country  was  taken,  which  I  am  now  cje- 
fcribing. 

To  the  north  behind  Haukadal,  there  were  many 
high  mountains,  but  at  a  great  diftance,  and  of  which 

^  Amongft  others,  he  found  the  Jallx  herbacea  (tsft  willow),  the 
cernjlium  tomcntofum  (woolly  moufe  ear  chickweed),  the  rumex  digy-> 
nus  (round  leaved  mountain  forrel),  and  the  koenigia ,  (a  plant  pe¬ 
culiar  to  Iceland),  growing  in  great  abundance,  though  generally  in 
low  and  marlhy  grounds. 


\ 
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the  moft  diftant  were  covered  with  fnow.  They  formed 
part  of  a  dreary  affemblage  of  Jokuls  or  ice-mountains, 
which  occupy  a  confiderable  extent  of  the  interior 
country.  Their  forms  were  moftly  conical ;  and  from 
their  general  refemblance  to  other  mountains  in  the 
illand,  from  which  ftreams  of  lava  have  been  emitted, 
I  think  it  probable  they  were  once  volcanos.  They 
are  not  fo  connected  as  to  form  a  continued  ran&e  or 
chain  of  hills.  Each  Hands  infulated ;  and  therefore 
the  fnows  which  have  for  ages  reffed  on  their  fides, 
are  no  where  accumulated  in  valleys,  and  converted 
into  lakes  of  ice  and  glaciers,  as  amidft  the  Alps  of 
Switzerland  and  Savoy. 

A  view  fo  different  from  the  general  features  of  the 
country,  impreffed  us  with  the  moft  agreeable  fenfa- 
tions.  Hitherto  we  could  but  compare  one  fcene  of 
drearinefs  with  another^  and  although  the  view'  before 
us  was  deftitute  of  trees,  yet  the  verdure,  and  pleafant 
diftribution  of  hills  and  plain,  in  fome  meafure  com- 
penfated  for  this  deficiency. 

f  now  return  to  the  account  of  the  fprings,  which 
I  have  already  obferved  break  out  in  different  places 
from  the  fides  of  a  hill,  and  the  fpace  inclofed  be- 
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tween  its  bafe  and  the  windings  of  a  river.  The  foil 
through  which  they  rife  is  a  mixture  of  crumbled  ma¬ 
terials,  wafhed  by  degrees  from  the  higher  parts  of  the 
hill.  In  fome  places,  thefe  have  been  reduced  into  a 
clay  or  earth;  in  others,  they  ftill  remain  loofe  and 
broken  fragments  of  the  rocks  from  whence  they  have 
fallen,  or  a  dull  produced  by  their  friction  againft  each 
other.  Wherever  the  ground  is  penetrated  by  the 
fleam  of  the  fprings,  thefe  fragments  are  foon  decom- 
pofed,  or  changed  into  coloured  clays.  In  other  places, 
the  furface  of  the  ground  is  covered  with  incruftations 
depoiited  by  the  fprings,  or  with  a  luxuriant  vegetation 
of  grafs  or  dwarf  bullies  of  willow  and  birch,  and  the 
empetrum  nigrum ,*  the  berries  of  which  were  at  this 
time  ripe  and  in  great  abundance. 

Above  the  great  fpring,  the  hill  terminates  in  a  dou¬ 
ble  pointed  rock,  which  Mr.  Baine  found  by  mea- 
furement  to  be  310  feet  higher  than  the  courfe  of  the 
jlver.  The  rock  is  fplit  very  ftrangely  into  lamina,  and 
at  firft  fight  has  much  the  appearance  of  a  fchiftus,  or 

The  crow  berry.  This  is  almoft  rhe  only  fruit  we  met  with  in 
Iceland.  Mr.  Wright  found  a  few  ftrawberries.  Neither  goofe* 
berries  nor  currants  will  come  to  perfection  by  any  management 
'whatever. 
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bed  of  thick  Hate.  It  confifts,  however,  of  a  grey  co¬ 
loured  hone  of  a  very  clofe  grain,  the  feparate  pieces 
of  which,  although  divided  as  they  lay,  do  not  break 
in  the  hand  in  any  particular  dire£tion.  I  fliould  fup- 
pofe  the  iubftance  of  this  rock  to  be  chiefly  argilla¬ 
ceous,  and  that,  like  every  other  ftone  in  the  ifland,  it 
has  fuffered  fome  change  by  the  a<5tion  of  fire.  I  do 
not  mean  to  call  it  lava,  as  it  bears  no  mark  of  having 
been  once  in  a  melted  ftate,  whatever  baking  or  indura¬ 
tion  it  may  have  fuftained  in  the  neighbourhood  of 
fubterraneous  heat.  It  contains  no  heterogeneous 
matter,  or  cavities,  in  which  agates,  or  zeolites,  or 
vitrified  fubftances  of  any  kind,  could  have  been 
formed. 

All  thefe  rocks  that  have  been  either  altered  or 
created  by  fire,  feem  much  more  liable  to  decay  and 
decompofition  than  any  others  I  have  ever  feen. — - 
Mounds,  fimilar  to  thofe  in  the  valley  of  Rykum,  have 
been  formed  by  the  ruins  of  the  hill  half  way  up  its 
afcent,  between  the  Geyzer  and  the  pointed  rock. 
Springs  boil  in  many  places  through  thefe  mounds,  and 
near  to  one  of  them,  I  obferved  that  the  coloured  clay 
felt  much  more  foapy  than  any  I  had  tried  before. — • 
This  quality  probably  was  owing  to  a  greater  propor- 
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tion  of  the  earth  of  magnefia  in  its  compofition,  as  hi 
other  refpedts  it  agreed  perfectly  with  the  reft. 

My  attention,  during  the  four  days  I  remained  in 
this  place,  was  fo  much  engaged  by  the  beauties  and 
remarkable  eircumftances  of  the  two  principal  fpringsi, 
that  I  cannot  (were  I  fo  inclined)  give  you  a  minute 
account  of  thofe  which,  next  to  them,  were  deferving 
of  notice.  The  fprings  in  general  refemble  thofe  at 
Rykum ;  but  there  are  five  or  fix  which  have  their  pe~ 
culiarities,  and  throw  up  their  waters  with  violence  to 
a  considerable  height.  Their  bafons  are  of  irregular 
forms,  four,  five,  or  fix  feet  in  diameter,  and  from 
fome  of  them  the  water  rufhes  out  in  all  directions, 
from  others  obliquely.  The  eruptions  are  never  of 
long  duration,  and  the  intervals  are  from  151030  mi¬ 
nutes.  The  periods  of  both  were  exceedingly  variable. 
One  of  the  moft  remarkable  of  thefe  fprings  threw  out  a 
great  quantity  of  water,  and  from  its  continual  noife  we 
named  it  the  Roaring  Geyzer.  The  eruptions  of  this 
fountain  were  inceflant.  The  water  darted  out  with 
fury  every  four  or  five  minutes,  and  covered  a  great 
fpace  of  ground  with  the  matter  it  depofited.  The  jets 
were  from  thirty  to  forty  feet  in  height.  They  wera 
Shivered  into  the  fineft  particles  of  fpray,  and  fur- 
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rounded  by  great  clouds  of  Beam.  The  fituation  of 
this  fpring  was  eighty  yards  diftant  from  the  Geyzer, 
on  the  rife  of  the  hill. 

I  Hiall  now,  Sir,  attempt  fome  defcription  of  this 
celebrated  fountain,  diftinguifhed  by  the  appellation  of 
Geyzer  alone,  from  the  pre-eminence  it  holds  over  all 
the  natural  phenomena  of  this  kind  in  Iceland. 

By  a  gradual  depofition  of  the  fubftances  diflolved  in 
its  water  for  a  long  fucceflion  of  years,  perhaps  for 
ages,  a  mound  about  thirty  feet  high  has  been  formed, 
from  the  centre  of  which  the  Geyzer  ifliies,  It  rifes 
through  a  perpendicular  and  cylindrical  pipe,  or  thaft, 
iixty-one  feet  in  depth,  and  eight  feet  and  a  half  in  dia¬ 
meter,  which  opens  into  a  bafon  or  funnel,  meafuring 
fifty-nine  feet  from  one  edge  of  it  to  the  other. — • 
The  bafon  is  circular,  and  the  tides  of  it,  as  well 
as  thofe  of  the  pipe,  are  polifhed  fmooth  by  the  con¬ 
tinual  fri£lion  of  the  water,  and  they  are  both  formed 
with  fuch  mathematical  truth,  as  to  appear  conftru£ted 
by  art.  The  declivity  of  the  mound  begins  immedi¬ 
ately  from  the  borders  of  the  bafon.  The  incruftations 
are  in  fome  places  worn  fmooth  by  the  overflowing  of 
;the  water;  in  mod,  however,  they  rife  in  numberlefs 
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little  tufts,  which  bear  a  refemblance  to  the  heads  of 
cauliflowers,  except  that  they  are  rather  more  promi¬ 
nent,  and  are  covered,  by  the  falling  of  the  finer  parti¬ 
cles  of  fpray,  with  a  cryftalline  efflorefcence  fo  delicate 
as  fcarcely  to  bear  the  flighted:  touch.  Unmoleded, 
the  efflorefcence  gradually  hardens,  and  although  it 
lofes  its  fird  delicacy,  it  dill  remains  exceedingly  beau¬ 
tiful.  4 


Thefe  incrudations  are  of  a  light  brown  colour,  and 
extend  a  great  way,  in  various  directions,  from  the 
borders  of  the  bafon.  To  the  northward  they  reach  to 
a  didance  of  82  feet;  to  the  ead,  of  86;  to  the  fouth, 
of  1 18  ;  and  of  124  to  the  wed.  They  are  very  hard, 
and  do  not  appear,  in  any  part,  decaying,  or  moul¬ 
dering  into  foil.* 


*  The  fubftance  of  thefe  incruftations  has  been  analyfed  by  Pro- 
feffor  Bergman,  and  he  gives  a  long  and  particular  account  of  it  in 
a  letter  to  the  Archblfhop  of  Upfal,  publifhed  with  the  Archbilhop’s 
Letters  on  Iceland.  He  fays,  i(  The  ftrongeft  acids,  the  fluor  acid 
«  not  excepted,  are  not  fufficient,  with  a  boiling  heat,  to  diffolve 
iC  this  fubftance.  It  dilfolves  very  little  (if  at  all)  by  the  blowpipe, 
with  the  fufible  fait  of  urine,  a  little  more  with  borax,  and  makes 
“  a  ftrong  effervefcence  with  lal  fodae.  Thefe  effects  are  peculiar 
((  only  to  a  filiceous  earth  or  flint.  There  cannot  remain  therefore 
t(  a  doubt  concerning  the  nature  of  this  cruftated  ftone.’* 


When  our  guides  firft  led  us  to  the  Geyzer,  the  ba» 
fon  was  filled  to  within  a  few  feet  of  its  edge.  The 
water  was  tranfparent  as  cryftal ;  a  flight  fleam  only 
arofe  from  it,  and  the  furface  was  ruffled  but  by  a  few 
bubbles,  which  now  and  then  came  from  the  bottom  of 
the  pipe.  We  waited  with  anxiety  for  feveral  minutes, 
expelling  at  every  inflant  fome  interruption  to  this 
tranquillity.  On  a  fudden,  another  fpring,  immedi¬ 
ately  in  front  of  the  place  on  which  we  were  handing, 
darted  its  waters  above  an  hundred  feet  into  the  air 
with  the  velocity  of  an  arrow,  and  the  jets  fucceeding 
this  firh  eruption  were  hill  higher.  This  was  the 
fpring  already  mentioned  under  the  name  of  the  New 
Geyzer. 

While  gazing  in  filence  and  wonder  at  this  unex¬ 
pected  and  beautiful  difplay,  we  were  alarmed  by  a. 
hidden  fhock  of  the  ground  under  our  feet,  accompa¬ 
nied  with  a  hollow  noife,  not  unlike  the  dihant  firing 
of  cannon.  Another  fhock  foon  followed,  and  we  ob« 
ferved  the  water  in  the  bafon  to  be  much  agitated.  The 
Icelanders  hahily  laid  hold  of  us,  and  forced  us  to  re¬ 
treat  fome  yards.  The  water  in  the  mean  time  boiled 
violently,  and  heaved  as  if  fome  expanfive  power  were 
labouring  beneath  its  weight,  and  fome  of  it  was  thrown 
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up  a  few  feet  above  the  bafon.  Again  there  were  two' 
or  three  fhocks  of  the  ground,  and  a  repetition  of  the-' 
fame  noife.  In  an  inftant  the  furrounding  atmofphere 
was  filled  with  volumes  of  fleam  rolling  over  each  other 
as  they  afcended,  in  a  mariner  inexprellibly  beautiful, 
and  through  which,  columns  of  water,  fhivering  into 
foam,  darted  in  rapid  fueceffion  to  heights  which,  at  the 
time,  we  were  little  qualified  to  eflimate.  Indeed,  the 
novelty  and  fplendour  of  fuch  a  fcene  had  affected  our 
imaginations  fo  forcibly,  that  we  believed  the  extreme 
height  of  the  jet  to  be  much  greater  than  it  was  after¬ 
wards  determined  to  be.  In  a  fublequent  eruption, 
Mr.  Baine  afcertained,  by  means  of  a  quadrant,  the 
greateft  elevation  to  which  the  jets  of  water  were 
thrown,  to  be  96  feet. 

Much  of  the  water  begari  to  defcend  again  at  different 
heights,  and  was  again  projected  by  other  columns, 
which  met  it  as  they  rofe.  At  lafl,  having  filled  the 
bafon,  it  rolled  in  great  waves  over  its  edge,  and  form¬ 
ing  numberlefs  rills,  made  its  way  down  the  fides  of  the 
mound.  Much  was  loll  in  vapour  alfo,  and  Bill  more 
fell  to  tlfe  ground  in  heavy  fhowers  of  fpray.  The 
intervals  at  which  the  feveral  jets  fucceeded  each  other, 
were  too  fhort  for  them  to  be  diflinguiflied  by  the  eye 
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As  they  rofe  out  of  the  bafon,  they  refle&ed,  by  their 
denfity,  the  pureft  and  mod  brilliant  blue.  In  certain 
fhades,  the  colour  was  green,  like  that  of  the  fea;  but 
in  their  further  afcent,  all  diftincftion  of  colour  was 
loft,  and  the  jets,  broken  into  a  thoufand  parts,  ap¬ 
peared  white  as  fnow.  Several  of  them  were  forced 
upwards  perpendicularly ;  but  many,  receiving  a  flight 
inclination  as  they  burft  from  the  bafon,  were  pro¬ 
jected  in  beautiful  curves,  and  the  fpray  which  fell, 
from  them,  caught  by  a  fucceeding  jet,  was  hurried 
away  ftill  higher  than  it  had  been  perhaps  before. 

The  jets  were  made  with  inconceivable  velocity,  and 
thofe  which  efcaped  uninterrupted  terminated  in  Iharp 
points,  and  loft  themfelves  in  the  air.  The  eruption, 
changing  its  form  at  every  inftant,  and  blending  vari- 
oufly  with  the  clouds  of  fleam  that  furrounded  it,  con¬ 
tinued  for  ten  or  twelve  minutes ;  the  water  then  fub* 
* 

ftded  through  the  pipe,  and  difappeared. 

The  eruptions  of  the  Geyzer  fucceeded  each  other  with 
fome  degree  of  regularity,  but  they  were  not  equally  vio¬ 
lent,  or  of  equal  duration.  Some  lafted  fcarcely  eight 
or  ten,  while  others  continued,  with  unabated  violence, 
fifteen  or  eighteen  minutes.  Between  the  great  erup- 
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Cions,  while  the  pipe  and  bafon  were  filling,  the  water 
burft  feveral  times  into  the  air  to  a  confiderable  height . 
Thefe  partial  jets,  however,  feldom  exceeded  a  minute, 
and  fometimes  not  a  few  feconds,  in  duration. 

i  .  ' »  •  i  j 

After  the  eruption  of  it  had  been  violent,  the  water 
funk  into  fubterraneous  caverns,  and  left  the  pipe 
empty.  If  the  eruption  had  been  moderate,  the  fub- 
iidence  of  the  water  was  proportionably  lefs.  The  firft 
time  the  pipe  was  perfectly  emptied,  we  founded  its 
depth,  and  found  the  bottom  very  rough  and  irregular. 
The  pipe  remained  but  a  fhort  time  empty.  After  a  few 
feconds,  the  water  rufhed  into  it  again  with  a  bubbling 
noife,  and  during  the  time  that  it  was  rifing  in  the  pipe, 
it  frequently  darted  fuadenly  into  the  air  to  different 
heights,  fometimes  to  two  or  three,  fometimes  fixty 
feet  above  the  fides  of  the  bafon.  By  a  furprife  of  this 
kind,  while  we  were  engaged  meafuring  the  diameter 
of  the  well,  we  had  nearly  been  fcalded  ;  and  although 
we  were  able  to  withdraw  ourfelves  from  the  great 
body  of  water  as  it  afcended,  yet  we  remained  expofed 
to  the  falling  fpray,  which  fortunately  was  fo  much 
cooled  in  the  air  as  to  do  us  no  mifchief. 
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Of  thefe  jets  we  counted  twenty  in  an  hour  and  an 
half,  during  which  the  waters  had  filled  the  pipe,  and 
in  part  the  bafon.  It  then  feemed  oftentimes  agitated, 
and  boiled  with  great  violence.  The  jets  were  more 
beautiful,  and  continued  longer,  as  the  quantity  of  wa¬ 
ter  in  the  bafon  increafed.  The  refiflance  being  greater, 
their  force  was  in  fome  degree  broken,  and  their  form, 
more  divided,  produced  a  greater  difplay  of  foam  and 
vapour. 

While  the  pipe  was  filling,  we  threw  into  it  feveral 
Hones  of  confiderable  weight,  which,  whenever  the 
water  burft  forth  with  any  violence,  were  projected 
much  higher  than  itfelf.  Thefe  Hones  in  falling  were 
met  by  other  columns  of  water,  and  amidfl  thefe  they 
rofe  and  fell  repeatedly.  They  were  eafily  diHinguifhed 
amidfl  the  white  foam,  and  contributed  much  to  the 
novelty  and  beauty  of  this  extraordinary  phenomenon. 

When  the  bafon  was  nearly  full,  thefe  occafional 
eruptions  were  generally  announced  by  fhocks  of  the 
ground,  fimilar  to  thofe  preceding  the  great  eruptions. 
Immediately  after  the  flaocks,  the  whole  body  of  water 
in  the  bafon  heaved  exceedingly;  a  violent  ebullition 
then  took  place,  and  large  waves  fpread  themfelves  in 


circles  from  the  centre.,  through  which  the  column 
forced  its  way., 

When  the  water  had  been  quiet  in  the  bafon  for  fome 
time,  the  thermometer  placed  in  it  flood ’at  i8o°  only, 
but  immediately  after  an  eruption  it  rofe  to  aoo°.  We 
boiled  a  piece  of  falmon  in  it,  which  tailed  exceed¬ 
ingly  well,  not  being  in  the  leaft  tainted  with,  fulphur. 
Our  cookery  at  Rykurn  had  not  been  quite  fo  fuccefs,- 
£uL 

The  water  thrown  out  from  the  Geyzer  is  joined  at 
the  bottom  of  the  mound  by  that  which  flows  from  the 
fpring  called  the  Roaring  Geyzer,  formerly  defcribed. 
The  ftrearn  produced  by  their  united  waters  flows  three 
or  four  hundred  paces  before  it  falls  into  the  river, 
where  its  temperature  is  reduced  to  72°.  Even  at  this 
place  is  depofited  much  of  the  fubftances  it  contained  ; 
but  during  the  whole  of  its  courfe,  the  plants  growing 
on  its  banks  were  covered  with  beautiful  incru  Rations. 
Some  of  thefe  we  wifhed  to  preferve,  but  from  their 
extreme  delicacy  they  fell  into  pieces  on  every  attempt 
to  remove  them. 
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The  fituation  of  the  New  Geyzer*  is  in  the  fame 
line  from  the  foot  of  the  hill  with  the  Great  Geyzer. 
Its  pipe  is  formed  with  equal  regularity,  and  is  fix  feet 
in  diameter,  and  forty-fix  feet  ten  inches  in  depth.  It 
does  not  open  into  a  bafon,  but  it  is  nearly  lurrounded’ 
by  a  rim  or  wall  two  feet  high.  After  each  eruption, 
the  pipe  is  emptied,  and  the  water  returns  gradually 
into  it,  as  into  that  of  the  Old  Geyzer.  During  three 
hours  nearly  that  the  pipe  is  filling,  the  partial  erup¬ 
tions  happen  feldom,  and  do  not  rife  very  high ;  but 
the  water  boils  the  whole  time,  and  often  with  great 
violence.  The  temperature  of  the  waters  after  one  of 
thefe  eruptions,  was  conflantly  found  to  be  21  z°.  Few 

*.  '  x 

*  Before  the  month  of  June,  1789,  the  year  I  vifited  Iceland, 
this  fpring  had  not  played  with  any  great  degree  of  violence,  at  lead; 
for  a  confiderable  time.  (Indeed  the  formation  of  the  pipe  will  not 
allow  us  to  fuppofe,  that  its  eruptions  had  at  no  former  period  been 
violent).  But  in  the  month  of  June,  this  quarter  of  Iceland  had 
fuffered  fome  very  fevere  Ihocks  of  an  earthquake  ;  and  it  is  not  un¬ 
likely,  that  many  of  the  cavities  communicating  with  the  bottom 
of  the  pipe  had  been  then  enlarged,  and  new  fources  of  water  opened 
into  them.  The  difference  between  the  eruptions  of  this  fountain, 
and  thofe  of  the  Great  Geyzer,  may  be  accounted  for  from  the  cir- 
cumftance  of  there  being  no  bafon  over  the  pipe  of  the  firft,  in  which 
any  water  can  be  contained  to  interrupt  the  column  as  it  rifes.  I 
fhould  here  date,  that  we  could  not  difcover  any  corrcfpondence  be¬ 
tween  the  eruptions  of  the  different  fprings. 


a 


42 


incruflations  are  formed  round  this  fpring,  excepting 
in  the  channel  where  the  water  flows  from  it. 

The  great  eruption  is  not  preceded  by  any  noife,  like 
that  of  the  Great  Geyzer.  The  water  boils  fuddenly, 
or  is  heaved  over  the  fides  of  the  pipe ;  then  fubfiding 
a  little,  it  burfls  into  the  air  with  inconceivable  vio¬ 
lence.  The  column  of  water  remains  entire,  until  it 
reaches  its  extreme  height,  where  it  is  fhivered  into  the 
finefl  particles.  Its  direction  was  perpendicular,  and 
greateft  elevation  132  feet.  Like  the  eruption  of  the 
Old  Geyzer,  this  confifled  of  feveral  jets,  fucceeding 
each  other  with  great  rapidity.  Whatever  we  threwT 
into  the  well  was  hurled  into  the  air  with  fuch  fvviftnefs 
that  the  eye  could  fcarcely  difcern  it,*  and  thedivifion 
of  the  water  at  the  extremity  of  the  column  was  fo  mi¬ 
nute,  that  the  blowers  of  fpray  which  fell  were  cold. 
Towards  the  end  of  an  eruption,  when  more  fleam  than 
water  rallied  from  the  pipe,  I  ventured  to  hold  my  hand 
near  the  edge  of  the  column,  in  the  way  of  fome  of  the 
divided  particles  of  water,  and  found  them  tepid  only. 


*  Mr.  Baine  meafured  the  height  to  which  a  ftone  was  thrown 
by  one  of  thefe  jets,  and  found  it  129  feet.  Some  others  rofe 
*onfiderably  higher. 
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You  may  probably  think  this  a  rafh  experiment,  and 
certainly  it  was  fo.  But  we  had  made  our  obfervations 
on  the  uniform  direction  of  the  column,  and  confided 
ourfafety  in  it.  Once  or  twice,  however,  we  had  rea- 
foil  to  think  ourfelves  more  fortunate  in  efcaping.  than 
prudent  in  avoiding,  the  danger  which  attended  a  too 
near  approach  to  thefe  eruptions  of  boiling  water. 

During  ten  or  fifteen  minutes,  the  water  continued  to  be 

thrown  upwards  with  undiminifhed  impetuofity.  At 

the  end  of  that  period  the  quantity  became  lefs,  and  at 

length,  ceafing  entirely,  fleam  alone  afcended.  In  one  * 

inflance  the  eruption  continued  thirty  minutes.  It 

feldom,  however,  exceeded  twenty,  and  fometimes 

was  completed  in  fifteen  minutes.  The  force  with 

\ 

which  the  fleam  rifes  abates  as  the  water  finks  in 
the  pipe,  and  when  this  is  exhaufled,  that  foon  difap- 
pears. 

I  have  now,  Sir,  given  you  fuch  a  defcription  of 
thefe  celebrated  fountains  as  was  in  my  power.  I  hope 
that  it  will  afford  you  fome  fatisfadlion,  and  I  could 
wifh  that  it  might  ferve  as  an  inducement  to  fome  cu¬ 
rious  inquirer  into  the  hiflory  of  nature  to  vifit  them, 
who  fhallhave  all  the  knowledge  requifite  for  making 
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fuch  obfervations  as  are  yet  to  be  defired  concerning 
them.  I  cannot  flatter  myfelf,  that  the  defcription  I 
have  attempted  of  their  eruptions  will  imprefs  you  with 
a  juft  idea  of  their  beauty.  Sources  of  companion  are 
wanting,  by  which  the  portraiture  of  fuch  extraordi¬ 
nary  fcenes  can  be  aflifted.  Nature  no  where  offers 
objefts  bearing  a  refemblance  to  them ;  and  art,  even 
in  conftrutfting  the  water- works  of  Verfailles,  has  pro¬ 
duced  nothing  that  can  at  all  illuftrate  the  .magnificent 
appearances  of  the  Geyzer.  All  then  that  I  hope  for  is, 
to  have  faid  fo  much  as  may  enable  you  to  complete 
in  your  imagination,  the  picture  which  I  have  only 
fketched.  Imagination  alone  can  fupply  the  noife  and 
motion  which  accompany  fuch  large  bodies  of  water 
burfting  from  their  confinement;  and  muft  be  left  to 
paint,  what  I  have  not  been  able  to  defcribe,  the  bril¬ 
liancy  of  colouring,  the  purity  of  the  fpray,  the  quick 
change  of  effe£f,  and  the  thouland  varieties  of  form  into 
which  the  clouds  of  fteam,  filling  the  atmpfphere  on 
every  fide,  are  rolled  inceffantly. 

I  have  avoided  entering  into  any  theory  of  the  caufe 
of  thefe  phenomena,  that  you  may  not  fuppofe  the  ac¬ 
count  I  give  you  has  been  biaffed  by  a  favourite  hypo^ 
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thefis.  I  have  given  you  an  accurate  date  of  fa<ds,  and 
I  leave  to  you  the  explanation  of  them.  There  can¬ 
not,  however,  be  two  opinions  concerning  the  imme¬ 
diate  caufe  which  forces  the  water  upwards.  It  is  ob- 
vioufly  the  eladicity  of  fleam  endeavouring  to  free 
itfelf.  In  addition  to  this,  the  form  of  the  cylinder 
through  which  the  water  rifes,  gives  it  that  projeftile 
force  which  carries  it  fo  high.  Beyond  this,  it  would 
not  become  me  to  hazard  any  opinion. 

Of  the  antiquity  of  thefe  fprings  I  can  fay  nothing, 
further  than  that  they  are  mentioned  as  throwing  up 
their  waters  to  a  great  height  by  Saxo  Grammati¬ 
cus,  in  the  Preface  to  his  Hiflory  of  Denmark,  which 
was  written  in  the  twelfth  century;  but  from  the  gene¬ 
ral  features  of  the  country,  it  is  likely,  that  they  have 
exided  a  great  length  of  time.  The  operations  of  fub- 
terraneous  heat  feem  indeed  to  be  of  great  antiquity 
in  Iceland,  and  the  whole  country  probably  owes  its 
cxidence  to  the  fires  which  burn  beneath  its  furface. 
Every  hill  proves,  at  lead,  with  what  violence  thefe 
fires  have  afted  for  ages ;  and  the  terrible  eruptions  of 
Java,  which  burft  from  the  mountains  of  Skapte- 
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field,  in  1783,  fhow  that  they  are  as  yet  far  from 
being  extinguifhed. 

I  am, 

Dear  Sir, 

With  great  regard  and  efteem, 

Your  very  obedient  fervant, 

-  Johu  Tho.  Stanley* 
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An  Analysis  of  the  Waters  of  fome  Hot  Springs 
in  Iceland.  By  Joseph  Black,  M.  D.  ProfeJJoi 
of  Medicine  and  Chemiftry  in  the  Univerfty  of  Edih* 
burgh ;  Firfi  Phyfcian  to  his  Majefy  for  Scotland 3 
Fellow  of  the  Royal  College  of  Phyfcians ,  and  of  the 
Royal  Society  of  Edinburgh  ;  Member  of  the  Academy  of 
Sciences ,  and  of  the  Society  of  Medicine  of  Paris ,  of 
the  Imperial  Acadeniy  of  P  eterfburgh^  &C.  &c. 

[  Read  July  4,  1791.] 


SlR  Joseph  Banks,  to  whofe  indefatigable  ardour 
for  the  advancement  of  natural  hiftory,  the  philofophi- 
cal  world  is  fo  much  indebted,  made  a  voyage  to  Ice¬ 
land  in  the  year  1772,  to  inquire  into  the  productions 
of  that  remote  part  of  the  world,  and  particularly  into 
thofe  of  its  famous  volcano.  When  he  returned,  he 
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brought  from  thence,  among  many  other  natural  pro¬ 
ductions,  fome  petrified  vegetables,  and  incruftationssf 
formed  by  the  waters  of  the  boiling  fprings ;  and  he 
was  fo  good  as  to  prefent  a  part  of  them  to  his  friends 
here,  who  were  furprifed  to  find  them  compofed  of 
filiceous  earth.  As  this  was  the  fir  ft  example  obierved 
of  water  containing  this  earth  in  fuch  quantity  as  to 
form  filiceous  petrifactions,  it  railed  a  ftrong  delire  to 
have  an  opportunity  of  examining  the  water,  and  of 
learning  by  what  means  this  filiceous  matter  was  dif- 
folved  in  it ;  and  this  opportunity  was  at  laft  given  us 
by  John  Thomas  Stanley,  Efq.  who,  excited  by 
motives  fimilar  to  thofe  of  Sir  Joseph  Banks,  equip¬ 
ped  likewife  a  veflel,  and  made  a  voyage  to  Iceland, 
during  the  fummer  1789.  He  brought  from  thence, 
and  from  the  Faro  Illands,  a  number  of  fine  fpecimens 
of  volcanic  and  other  foflil  productions,  and  along  with 
them,  a  quantity  of  the  water  of  the  two  moft  remark¬ 
able  boiling  and  exploding  fprings  of  Iceland,  called 
by  the  natives  Geyser  and  Ryhtm\  and  having  favoured 
me  with  a  portion  of  thefe  waters,  and  exprefied  his 
defire  that  I  would  examine  them,  I  have  accordingly 
made  a  number  of  experiments  with  them,  an  account 
of  which  I  fhall  now  fubmit  to  the  Society.  If  the  de¬ 
tail  of  it  ftiould  appear  tedious ;  if  I  jfhall  be  thought  to- 
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have  given  much  attention  to  very  fmall  matters,  it 
muft  be  confidered,  that  the  nature  of  the  fubjeft  re¬ 
quires  exaftnefs.  The  quantities  of  the  materials  which 
are  to  be  examined  in  fuch  experiments,  are  but  fmall, 
though  it  often  happens,  that  thefe  fmall  quantities  of 

matter,  adting  in  nature  for  a  great  length  of  time,  pro- 

♦ 

duce  accumulations,  and  other  effects,  that  appear  very 
furpriling  and  worthy  of  attention.  I  muft  alfo  confefs, 
that  I  took  pleafure  in  promoting,  as  far  as  I  could, 
the  information  concerning  Iceland,  which  the  phi- 
lofophical  zeal  and  fpirit  of  the  Gentlemen  I  mentioned, 
have  procured  for  us. 

Both  thefe  waters  had  a  weak  fmell  of  the  Hepatic 
Gas,  or  a  fmall  degree  of  the  odour,  which  is  well 
known  in  Harrowgate,  and  other  fulphureous  waters. 
The  quantity,  however,  of  this  fulphureous  matter  in 
them  was  fo  very  fmall,  that  I  was  not  able,  by  any  ex¬ 
periments,  to  obtain  it  in  a  feparate  hate,  or  bring  it 
into  view  in  any  form  whatever.  I  therefore  could 
not  make  any  attempt  to  eftimate  the  quantity  of  it. 

Thofe  who  are  acquainted  with  fulphureous  waters, 
know  that  an  incredibly  fmall  quantity  of  their  volatile 
fulphureous  matter  is  fuffieient  to  give  a  perceptible 


odour ;  and  it  is  fo  liable  to  be  decompounded  and 
changed,  while  we  attempt  to  feparate  it  from  water, 
that  fuch  an  attempt  never  fucceeds  when  the  quantity 
of  it  is  fmall.  There  was  alfo  reafon  to  believe,  that 
fome  part  of  it  had  already  been  loll  or  changed  during 
the  voyage,  this  matter  being  one  of  thofe  volatile  in¬ 
gredients  of  mineral  waters,  which  are  the  moft  liable 
to  be  evaporated  or  changed  by  the  adtion  of  the  air, 
and  other  caufes.  I  therefore  think  it  fufficient  to 
mention,  that  thefe  waters  contained  a  fmall  quantity 
of  this  fubftance. 

I  began  by  making  a  few  preliminary  trials,  to  ac° 
quire  fome  notion  of  the  nature  of  thefe  waters. 

1.  An  equal  quantity  of  lime-water  being  added  to 
the  Iceland  waters,  there  was  a  little  diminution  of  tran- 
fparency,  but  only  in  the  fmallef:  degree,  and  no  fedi- 
ment  was  formed. 

2.  Mild  volatile  alkali  produced  no  dfedl  whatever. 

3.  Paper  Pained  blue  with  the  March  violet,  being 
dipped  into  the  water  and  dried,  had  its  colour  changed 
alittle  towards  a  green. 
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4.  Cambric  ftained  to  a  blueifh  purple,  with  infufion 
©f  litmus,  afiiimed  a  more  jjjerfedt  blue  colour,  when 
dipped  into  the  water  and:  dried. 

$.  Acid  of  fugar  did  not  produce  a  perceptible 
muddinefs  or  precipitation. 

6.  Nor  did  the  folution  of  corrofive  fublimate, 

7.  The  folution  of  fal  faturni  (plumbum  acetatum) 
made  the  water  very  muddy,  and  white,  but  a  fmall 
quantity  of  diftilled  vinegar  re-diflolved  nearly  the 
whole  of  the  precipitate,  and  made  the  water  almoft 
perfectly  clear  again. 

8.  The  folution  of  barytes  in  muriatic  acid  made 
the  water  become  muddy,  and  depofit  a  fediment, 
which  was  not  re-diffolved  by  adding  purified  nitric 

geld. 

9.  The  folution  of  filver  produced  a  ftrong  muddi- 
nefs,  and  confiderable  precipitation,  which  was  not 
re-difiolved  by  adding  purified  nitric  acid. 
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The  lad  trial  fhewed  the  prefence  of  the  muriatic 
acid,  and  the  one  preceding  it,  that  of  the  vitriolic 
acid  in  the  compofition  of  thefe  waters ;  but  by  the  3d, 
4th,  and  7th,  I  alfo  learned,  that  there  was  more  than 
enough  of  alkaline  matter  to  faturate  both  of  them.  The 
£th  trial  die  wed  that  the  alkaline  matter  was  not  calca- 
cerous  earth,  but  alkaline  fait ;  and  the  6th,  that  this 
alkaline  fait  was  not  the  volatile,  but  one  of  the  fixed 
alkalis.  The  xft  trial  fhewed,  that  this  unfaturated 
fixed  alkali  was  not  combined  with  air,  or  that  if  any 
was  combined  with  it,  the  quantity  was  fo  fmall  as  to  be 
fcarcely  perceptible. 

A 

None  of  thefe  trials  gave  any  indication  of  the  earthy 
matter  contained  in  thefe  waters ;  and  as  my  principal 
objed  was  to  inveftigate  the  nature  of  their  petrifying 
power,  I  now  began  with  the  following  experiment : 


Evaporation  of  the  Water . 

I  evaporated  10,000  grains  weight  of  each  of  thefe 
waters  to  drynefs  with  a  gentle  heat,  in  feparate  glades. 
The  dry  extrad  of  the  water  of  Rykum  weighed 
gr.  8.25,  and  that  of  Geyzer,  gr.  10. 


The  evaporation  was  performed  in  cylindrical  glafs 
veflels,  about  3  inches  wide  and  7J  deep,  which  re¬ 
ceived  heat  from  the  fleam  of  boiling  water,  not  di~ 
redlly,  but  through  the  intervention  of  white-iron 
cafes,  which  fitted  the  glaffes,  and  in  which  they  hung, 
I  have  often  ufed  this  apparatus  in  examining  and  com¬ 
paring  different  waters ;  and  the  advantages  of  it  are, 
that  the  greater  part  of  the  fixed  matter  is  colledled  on 
a  fmall  furface ;  that  the  glaffes  are  fo  moderately  heated, 
that  they  bear  wrater  to  be  added,  during  the  evapora¬ 
tion,  without  danger  of  breaking;  and  laflly,  when 
the  whole  water  is  evaporated,  the  fixed  matter,  while 
it  is  thoroughly  dried,  by  leaving  it  expofed  fome  hours 
to  the  heat,  never  becomes  fo  hot  as  to  fuffer  the  lofs  of 
any  part  of  the  acid  of  the  faline  compounds  which  it 
may  contain,  and  when  it  is  dry,  the  quantity  of  it  is 
accurately  determined,  by  weighing  it  in  the  glafs,  the 
weight  of  which  can  be  afcertained,  both  before  the 
Water  is  put  into  it,  and  after  the  extract  is  taken  out, 

1  . 

In  the  end  of  thefe  evaporations  of  the  Iceland  wa¬ 
ters,  they  emitted  an  odour  fimilar  to  that  of  alkaline 
leys,  which  contain  an  alkali  not  very  pure  or  well 
calcined,  and  afterwards,  when  the  evaporation  was 
nearly  completed,  the  refiduum  affumed  the  form  of 
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a  tranfparent  jelly,  which  had  nearly  the  thicknefs  of 
half  a  crown.  This  jelly  afterwards  became  divided 
by  fiftures,  into  a  great  number  of  fmall  portions, 
which,  in  drying,  contracted  their  fize,  and  greatly 
,  widened  the  fiftures,  forming  at  laft  a  number  of  fmall 
fragments  of  white  cruft,  unconnected  with  one  ano¬ 
ther,  and  not  adhering  to  the  bottom  of  the  glafs.  A 
fmall  quantity  only  of  this  matter  attached  itfelf  to  the 
ftdes  of  the  glafs  during  the  evaporation,  and  formed 
there  circles  of  an  exceeding  thin  incruftation,  which 
adhered  ftronglv,  and  required  much  patience  to  fcrape 
it  off  with  a  knife. 

Thefe  phenomena  are  exaCtly  fimilar  to  thofe  which 
appear  in  evaporating  water  which  contains  ftliceous 
earth,  diffolved  in  it  artificially  by  means  of  an  alkaline 
fait.  The  colour  of  the  dry  matter  obtained  from  Ry- 
kum  water  was  almoft  a  pure  white ;  that  of  the  wa¬ 
ter  of  Geyzer  was  a  yellowifii  white. 

While  thefe  dry  extracts  were  kept  for  fome  time  in 
the  glaffes,  placed  in  a  cold  room,  in  the  winter  feafon, 
they  attracted  humidity,  and  the  extraCt  of  Geyzer  at¬ 
tracted  the  moft.  Eight  grains  of  the  extraCt  of  Ry- 
kum  attracted  in  one  week  four  grains  of  humidity ;  the 
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fame  quantity  of  the  extra#  of  GeyzerattraCfed  in  the 
lame  time  ten  grains  of  humidity.  My  attention,  how¬ 
ever,  was  turned  for  fome  time  from  thefe  experi¬ 
ments  ;  but  refuming  them  again  after  fome  months,  I 
found  that  thefe  extraCfs  remaining  in  the  fame  glades, 
and  in  the  fame  room,  had  again  become  dry,  and 
had  loft  the  greater  part  of  the  weight  which  they  had 
acquired  at  firfb  by  attracting  humidity.  This  I  im¬ 
puted  partly  to  the  date  of  the  atmofphere,  and  partly 
to  their  having  attracted  fixed  air,  by  their  union  with 
which  they  had  loft  their  ftrong  attraction  for  water. 

The  conftituent  parts  of  thefe  extracts  were  next  to  be 
inveftigated.  I  foon  perceived  that  they  contained  a 
portion  of  alkaline  fait  not  Ihturated  with  acid,  which 
became  evident  when  a  fmail  quantity  of  them  was  wet¬ 
ted  and  applied  to  paper  ftained  with  the  juice  of  violets, 
or  the  colouring  matter  of  the  common  purple  radilh  ; 
the  colour  in  either  cafe  was  changed  to  a  green.  I 
further  collected  and  fcraped  thefe  extra Cts  out  of  the 
glades,  and  placing  each  in  a  fmail  ditre,  I  dropped 
diftilled  water  on  them  repeatedly,  until  the  water  came 
away  from  them  indpid.  The  waters  which  had  been 
thus  filtrated  through  them  were  put  into  china  cups, 
and  the  greater  part  evaporated  with  a  gentle  heat,  the 
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reft  was  allowed  to  evaporate  fpontaneoufly  in  a  dry 
room.  Thus,  a  number  of  fmall  faline  cry  Hals  were 
formed,  which  were  partly  regular  cryftals  of  common 
fait,  and  partly  cryftals  of  an  oblong  and  flatted  form, 
larger  than  thofe  of  the  common  fait.  Thefe  larger 
cryftals  were  diftinguifhable,  not  only  by  their  form, 
but  by  fome  of  their  properties.  They  became  white, 
opaque,  and  mealy  in  dry  air,  and  being  taken  out, 
gnd  tafted  and  tried  in  different  ways,  were  found  to 
contain  fome  of  the  foflil  alkali  in  a  cryftallized  ftate.  . 

The  undiffolved  matter  which  had  remained  on  the 
filtrating  paper,  appeared  by  its  properties  to  be  totally 
or  principally  made  up  of  filiceous  earth.  It  was  white 
and  exceedingly  fpungy  and  light.  A  fmall  portion 
of  it  was  triturated,  and  made  into  a  pafte  with  water; 
which  pafte  being  laid  on  a  piece  of  charcoal  and  dried, 
-was  heated  intenfely  with  tlie  blowpipe.  No  part  of 
it  was  melted ;  it  was  only  contracted  in  its  dimen¬ 
sions,  and  acquired  a  weak  degree  of  cohefion.  Ano¬ 
ther  fmall  portion  was  triturated  dry,  with  an  equal 
weight  of  aerated  and  exficcated  foftil  alkali ;  and  hew¬ 
ing  put  into  a  fmall  platina  fpoon,  againft  the  bottom 
pf  which  the  flame  of  the  blowpipe  was  ftrongly  di¬ 
rected,  flip  mixture  was  foon  melted  into  a  trail fparent 
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eolourlefs  glafs,  which  afterwards,  by  being  digefted? 
with  a  fmall  quantity  of  diftilled  water,  was  completely 
dilfolved,  and  formed  a  liquor  which  had  all  the  qua¬ 
lities  of  the  liquor  Jilicunu 

i 

I  need  not  take  notice  here  of  the  quantity  of  the 
earth,  and  faline  matter  which  were  in  fome  meafure 
feparated  from  one  another  in  this  experiment.  I  had 
reafon  to  fufpedt,  that  neither  of  them  were  obtained  in 
this  way  without  fome  lofs.  The  odour  emitted  by 
the  water  in  the  end  of  evaporation,  gave  reafon  to  fuf^ 
pe<5t  the  lofs  of  fome  part  of  the  falts ;  and  it  was  pro¬ 
bable  that  a  part  of  the  earth  would  remain  combined 
with  the  alkali,  in  a  foluble  flate,  in  the  dry  extra£f, 
and  would  pafs  through  the  filtre,  when  I  dilTolved  and 
wafhed  away  the  faline  matter, 

I  therefore  planned  a  fet  of  experiments,  by  which 
the  quantity  of  each  ingredient  in  thefe  waters  might 
be  more  certainly  known  ;  and  began  with  the  follow¬ 
ing 
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Experiments  to  inveftigate  the  Quantity  of  the  un-neu - 
tralized  alkaline  Salt. 

In  making  the  experiments  to  decide  this  quefdon, 
1  made  life  of  an  acid,  which  I  had  often  employed  be* 
fore  in  experiments,  to  learn  the  quantity  of  pure  or 
cauftic  alkali,  contained  in  aerated  alkalis,  and  in  va¬ 
rious  barillas,  kelps,  and  other  fuch  heterogeneous 
maffes.  This  acid  was  a  quantity  of  the  vitriolic* 
the  power  of  which,  in  faturating  pure  alkalis,  I  had 
carefully  examined,  and  I  was  accuftomed  to  add  it  very 
gradually  to  filtrated  folutions  of  the  above  fubflances? 
until  they  were  exactly  faturated ;  and  then,  from  the 
quantity  of  acid  required  to  produce  this  effedl,  I  learned 
the  quantity  of  un-neutralized  alkali  which  thefe  fub- 
ftances  contained.  The  fpecihc  gravity  of  this  vitriolic 
acid,  compared  with  that  of  water,  was  as  1798  to 
1000,  in  a  temperature  of  heat  equal  to  60  of  Fah¬ 
renheit,  When  I  had  ufed  it  on  former  occafions, 
I  diluted  fome  of  it,  with  four  times  its  weight  of 
diflilled  water,  and  ufed  this  mixture  in  place  of  the 
pure  acid,  that  I  might  the  more  readily  portion  it  into 
fmall  dofes ;  but  on  this  occafion,  I  made  a  mixture  of 
it,  with  about  100  times  its  weight  of  diflilled  water; 


and  e flaying  this  mixture  afterwards,  with  great  atten¬ 
tion,  I  found  that  112  grains  of  it  faturated  one  grain 
of  the  pure  alkaline  part  of  the  alkali  of  tartar,  and 
1 7 1 .5 5  grains  were  required  for  the  faturation  of  one 
grain  of  the  pure,  or  cauftic  part  of  the  foflil  alkali. 

With  this  largely-diluted  acid,  the  ftrength  of  which 
was  thus  afcertained,  I  began  to  invefligate  the  quan¬ 
tity  of  alkali  in  the  Iceland  waters.  I  gave  a  pale  pur¬ 
ple,  or  blue  colour  to  a  portion  of  the  Rykum  water, 
by  adding  a  few  drops  of  an  infufion  of  litmus,  the 
bluifh  purple  of  which  became  more  blue  when  mixed 
with  this  alkaline  water,  and  I  began  to  add,  very 
gradually,  fome  of  the  largely-diluted  vitriolic  acid, 
expecting  to  fee  the  colour  change  to  a  reddifh  purple, 

1 

when  the  alkali  became  completely  faturated.  This 
method,  however,  did  not  fucceed  fo  well  as  I  had 
fuppofed ;  for  although  I  changed  the  colour  to  a  red¬ 
difh  purple,  or  even  to  a  pure  red5  by  adding  an  ex¬ 
ceeding  fmall  quantity  of  the  diluted  acid,  the  red  thus 
produced  was  not  permanent.  Next  day,  1  found  it 
returned  again  to  the  blue,  and  requiring  a  new  addi¬ 
tion  of  acid  ;  and  this  happened  fo  often,  after  repeated 
additions  of  acid,  that  this  procefs  appeared  very  tedi¬ 
ous,  and  fcarcely  capable  of  being  brought  to  a  pre- 
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cife  limit ;  for  in  proportion  as  I  continued  the  pro- 
cefs  the  longer  time,  or  had  made  the  more  numerous 
additions  of  acid,  the  time  neceffary  for  the  return  of 
the  colour  from  red  to  blue  was  always  the  longer,  and 
at  laft  was  no  lefs  than  feveral  weeks. 

Thefe  phenomena  appear  to  me  to  have  proceeded 
from  the  very  weak  and  flow  adtion  of  the  acid  and 
alkali  on  one  another,  in  confequence  of  the  excef- 
fively-diluted  hate  in  which  they  were  mixed  together, 
the  alkali  at  the  fame  time  not  being  pure,  but  com¬ 
bined  with  the  filiceous  earth,  a  fubftance  for  which  it 
has  a  conliderable  attraction.  I  therefore  fuppofed, 
that  when  I  added  the  fmall  dofes  of  diluted  acid,  the 
acid  particles  remained  for  fome  time  difperfed  through 
the  liquor,  without  joining  the  alkali,  and  the  water 
contained,  at  the  fame  time,  a  filicated  alkali,  if  I 
may  fo  call  it,  and  an  unfaturated  acid ;  but  the  colour 
of  litmus  being  much  more  difpofed  to  be  affedted  and 
changed  by  acids  than  alkalis,  it  became  red,  and  re¬ 
tained  this  colour  as  long  as  any  particles  of  the  acid 
remained  unfaturated.  Thefe,  however,  after  fome 
time,  being  all  attradled  and  faturated  by  the  alkali,  the 
colour  was  again  changed  by  the  remaining  unfaturated 
alkali. 
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It  may,  perhaps,  be  fufpe&ed,  that  a  fmall  quan¬ 
tity  of  fixed  air,  detached  from  the  alkali,  might  be  the 
eaufe  of  this  temporary  red  colour,  and  that  the  co¬ 
lour  returned  again  to  blue,  when  the  fixed  air  evapo¬ 
rated  from  the  water;  and  I  know,  that  a  very  fmall 
quantity  of  fixed  air  contained  in  water,  is  fufficient  to 
change  the  colour  of  litmus,  and  that  a  confiderable 
time  is  required  for  its  evaporation  from  the  water ; 
fo  that  the  litmus  may  recover  its  natural  tint :  but  it  is 
equally  true,  that  the  fixed  air  never  require^  fo  long  a 
time  for  its  evaporation  as  feveral  weeks,  and  that  it  has 
not  the  power  to  redden  litmus,  when  an  alkali  is  pre- 
fent,  except  when  the  quantity  of  the  alkali  is  exceed* 
ingly  fmall,  and  that  of  the  fixed  air  incomparably 
more  than  fufficient  for  faturating  the  alkali.  In  the 
prefent  cafe,  the  laft  of  thefe  conditions  never  could 
take  place,  the  quantity  of  acid  added  at  once  being  far 
too  fmall  to  detach  enough  of  air,  even  although  the 
alkali  had  been  originally  faturated  with  air,  which  it 
certainly  was  not ;  it  appeared  rather  to  be  in  a  cauflic 
Hate,  or  very  nearly  cauflic.  This  reafoning  fuggefted 
to  me  another  mode  of  making  the  experiment,  which 
fucceeded  perfe&ly  in  a  moderate  time. 
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The  foregoing  experiments,  and  others  which  I 
made  with  fmali  quantities  of  the  water,  enabled  me 
to  form  fome  judgment  of  the  proportion  of  acid  ne~ 
eeflary  to  faturate  the  alkali  which  this  water  contained. 
I  therefore  added  to  10,000  grains  of  the  Rykum  water, 
200  grains,  accurately  weighed,  of  the  largely-diluted  vi¬ 
triolic  acid ;  which  quantity  I  judged  to  be  confldera- 
bly  more  than  fufficient  for  faturating  the  alkali  of  this 
water;  and  after  the  acid  was  poured  in,  the  fmali  and 
light  glafs  in  which  it  was  weighed  was  rinfed  feveral 
times  with  diddled  water,  which  was  added  to  the  Ry¬ 
kum  Water.  I  alfo  gave  it  a  pale  tinfbure  with  fome 
drops  of  the  infulion  of  litmus,  and  then  boiled  the 
water  gently  in  a  thin-bottomed  glafs,  until  it  was  re¬ 
duced  to  one  fourth  of  its  firit  quantity.  It  dill  conti¬ 
nued  of  a  red  colour,  without  the  lead  tendency  to  a 
purpliih  hue,  and  fhewed  that  the  acid  was  more  than 
enough  to  faturate  the  alkali. 

It  was  neceflary,  in  the  next  place,  to  learn  with 
certainty,  how  much  of  the  acid  had  been  fuperfluous. 
'With  this  intention,  I  added  a  largely-diluted  folutiori 
of  alkali  of  tartar  in  diddled  water.  In  this  folution, 
the  pure  alkali,  conlidered  as  diflinfl  from  the  air  which 
was  joined  to  it,  conflituted  one  fortieth  part  of  the 
weight  of  the  fluid.  I  weighed  38.6  grains  of  this  fo- 
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Itftion  ;  which  quantity  I  knew,  by  the  previous  expe¬ 
riments,  was  exa£tly,  or  nearly  fufficient  for  faturating 
the  fuperfluous  acid.  I  poured  it  at  once  into  the  hot 
water,  and  rinfing  the  fmall  and  light  glafs  in  which 
it  was  weighed  two  or  three  times  with  diftilled  water, 
I  poured  in  this  alfo.  A  little  effervefcence  appeared 
in  the  hot  water  ;  I  therefore  fet  it  again  on  the  furnace 
to  boil,  that  the  fixed  air  might  be  expelled,  and  I 
added  now  and  then  a  little  diflilled  water,  to  prevent 
it  from  boiling  down  too  much.  In  lefs  than  half  an 
hour’s  boiling,  the  fixed  air  being  all  expelled,  the  co¬ 
lour  changed  from  red  to  purple,  with  a  very  fmall  ten¬ 
dency  towards  the  red.  This  fhewed  that  the  quan¬ 
tity  of  fait  of  tartar,  which  had  been  added,  was  ex¬ 
actly  fufficient  for  faturating  the  fuperfluous  acid. 
Had  the  faturation  not  been  Efficiently  exa6i,  I  could 
have  added  a  little  more  of  the  alkali,  or  a  little  more  of 
the  acid,  as  I  had  done  in  the  fmaller  eflays  which  were 
preparatory  to  this ;  but  the  tint  of  colour  which  I  had 
here  produced,  was  that  which  I  had  found  to  be  the 
mofl  difcernible  and  fatisfa&ory  fign  of  exa&  fatura¬ 
tion,  in  former  experiments ;  and  it  is  proper  to  men¬ 
tion,  that  one  grain  more  of  the  largely-diluted  vitriolic 
acid  changed  this  purple,  very  remarkably,  to  a  more 

decided  red,  and  that  with  one  grain  lefs,  the  hue  of 
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the  purple,  by  being  inclined  to  blue,  would  have  been 
equally  diftinguilhable ;  of  which  I  fatisfied  myfelf,  by 
adding  as  much  of  the  folution  of  fait  of  tartar  as  fatu- 
rated  one  grain  weight  of  the  largely-diluted  acid. 

The  quantity  of  the  diluted  acid  added  at  firfl  was 
200  grains.  From  this  was  to  be  fubftra&ed  108.32- 
grains,  the  quantity  faturated  by  the  38.6  grains  of  the 
folution  of  fait  of  tartar;  the  remainder  is  gr.  91.68. 
From  this  quantity,  however,  we  mult  make  another 
dedu&ion;  for,  as  Profefior Bergman  juffcly  obferved, 
the  infufion  of  litmus  contains  fortieth ing  which  is  of 
an  alkaline  nature,  oris  capable  of  faturating  a  certain 
quantity  of  acid.  To  learn  how  much  was  co  be  de¬ 
ducted  on  this  account,  I  tinged  a  fmall  quantity  of 
diltilled  water,  with  the  fame  number  of  drops  of  the 
infufion  of  litmus  that  I  had  ufed  in  tinging  the  Iceland 
water,  and  then  making  the  diftilled  water  boiling  hot, 
I  began  to  add  fome  of  the  largely-diluted  vitriolic  acid, 
and  kept  the  water  boiling  all  the  time.  The  firft  ad¬ 
ditions  of  acid,  as  I  expended,  did  not  produce  a  change 
of  colour,  or,  if  any  change  was  produced,  it  foon 
difappeared  again,  while  the  water  was  boiling ;  but  as 
foon  as  I  had  added  gr.  3.5,  a  permanent  change  was 
produced  to  a  reddifh  purple.  This  quantity  therefore 
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muft,  in  the  next  place,  be  deducted  from  the  gr.  91.685 
and  thus  we  have  gr.  88.18,  as  the  quantity  of  the  di¬ 
luted  vitriolic  acid  which  was  employed  folely  in  fatu- 
rating  the  alkali  of  the  water.  But  from  the  eflays  I 
had  made  of  the  power  of  this  diluted  acid  in  faturating 
alkalis,  it  is  evident  that  this  quantity  of  it  was  fuffi- 
cient  for  faturating  gr.  0.5 14  of  the  pure,  or  cauftic  fof- 
lil  alkali,  or  gr.  0.857  of  that  which  is  faturated  with 
air,  and  evaporated  to  drynefs,  or  about  gr.  2.38  of 
that  which  is  faturated  with  air,  and  in  form  of  tran- 
fparent  cryftals. 

The  next  flep  was  to  make  a  fimilar  experiment  to 
determine  the  proportion  of  alkali  in  the  Geyzer  water; 
but  here  I  found  it  neceflary  to  change  a  little  the  mode 
of  afeertaining  the  point  of  fatu ration. 

The  water  of  Geyzer,  by  means  of  the  fulphureous 
gas,  which  it  contained  in  greater  quantity  than  the 
other,  and  perhaps  'alfo  by  means  of  fome  of  the  other 
ingredients  which  it  contained,  and  which  gave  it  a 
light  yellowifh  colour,  produced  fuch  a  change  in  the 
colour  of  litmus,  that  it  could  not  be  employed,  as  in 
the  laft  experiment,  by  mixing  it  with  the  acidulated 
water,  and  boiling  them  together ;  the  purple  of  the 
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litmus  was  changed  to  an  orange,  which  could  not  be 
made  to  return  to  blue  or  purple,  although  I  added  a 
quantity  of  alkali,  which  rendered  the  liquor  very  evi¬ 
dently  alkaline,  when  it  was  examined  by  other  trials. 
I  therefore  had  recourfe  to  the  common  method,  which 
I  had  formerly  praclifed  in  many  other  experiments  of 
a  hmilar  nature,  I  mean  the  ufe  of  linen  rags,  or  bits 
of  cambric,  which  had  been  tinged  with  an  infulion  of 
litmus.  A  little  bit  of  thefe,  when  touched  with  a  li¬ 
quor  that  is  in  the  fmalleft  degree  acid  or  alkaline,  has 
its  colour  changed  from  the  purple  to  red  or  blue. 
This  method  is,  next  after  the  one  employed  in  the 
iaft  experiment,  the  mod  nice  that  I  know ;  provided 
that,  in  having  recourfe  to  it,  we  remember  what  was 
remarked  in  the  former  experiment,  that  the  litmus  co¬ 
lour  is  affedted  by  acids  in  general  much  more  eahly 
than  by  alkalis ;  and  that,  though  a  liquor  contain  a 
fmall  quantity  of  alkali,  if  this  be  faturated  and  fuper- 
fatu rated  with  fixed  air,  the  firif  effedl  of  fuch  liquor 
upon  the  ftained  paper,  will  be  to  change  it  towards  a 
red.  This  tint  of  colour,  however,  being  produced 
by  the  fuperfiuous  aerial  acid,  is  made  to  difappear,  by- 
drying  the  bit  of  cambric.  The  colour  of  it,  while 
drying,  will  quickly  change  from  the  red  to  purple, 
and  from  that  to  blue,  in  confequence  of  the  evapo« 
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ration  of  the  fuperfaturating  air.  Being  apprifed  of 
this  particular,  I  fir  ft  made  fome  preparatory  experi¬ 
ments,  with  gr.  iooo,  and  alfo  with  gr.  10,000  of  the 
Geyzer  water,  and  afterwards  a  more  fatisfadfory  one 
with  gr.  10,000  of  the  fame,  in  the  following  man¬ 
ner  s 

To  gr.  10,000  of  the  Geyzer  water,  I  added  gr.  400, 
accurately  weighed,  of  the  largely-diluted  vitriolic 
acid,  and  began  foon  after  to  evaporate  the  water,  by 
boiling  it  gently  in  a  thin -bottomed  glafs.  The  above 
quantity  of  acid  I  knew  to  be  eonfiderably  more  than 
what  was  fufricient  for  faturating  the  alkali. 

The  water  was  boiled  until  it  was  reduced  to  a  quan¬ 
tity  little  exceeding  gr.  3000.  I  then  added  gr.  84.5  of 
the  dilute  folution  of  fait  of  tartar,  and  boiled  the  wa¬ 
ter  again  gently  until  it  was  reduced  to  gr.  2000.  In 
weighing  fuch  fmall  quantities  of  acid,  or  alkaline  li¬ 
quors,  as  were  added  to  the  water  in  thefe  experiments, 
-it  is  eafy  to  adjuft  the  weight  with  the  greateft  preci- 
fion,  by  dipping  the  end  of  a  (lender  glafs  rod,  or  of  a 
pointed  flip  of  paper,  into  the  fluid.  By  thefe  means, 
we  can  take  up  a  quantity  of  it,  as  fmall  as  we  pleafe  5 
■smd  this  method  I  likewife  ufed,  when  I  meant  to  add 
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fhefe  fluids  gradually,  and  by  very  final!  quantities  at  a 
time,  to  any  mixture.  The  end  of  a  (lender  glafs  rod 
was  dipped  into  them*  and  afterwards  transferred  into 
the  mixture. 

When  I  now  examined  the  above  boiled  water,  by- 
means  of  the  tinctured  paper,  or  linen  rag,  I  found  it 
reduced  to  the  exadt  degree  of  faturation  which  I  de- 
fired  ;  that  is  to  fay,  it  fcarcely  produced  a  change  in 
the  litmus  colour,  or  if  any  change  was  produced,  it 
was  only  a  vergency  towards  the  red,  which  was 
fcarcely  perceptible ;  and  when  the  ftate  of  faturation 
was  varied  from  this  point,  by  an  addition  of  3  grains 
of  the  largely-diluted  vitriolic  acid,  or  by  an  equiva¬ 
lent  quantity  of  the  alkaline  folution,  the  tint  of  the 
colour  was  remarkably  changed  towards  the  red  or  to* 
wards  the  blue.  Suppofing  therefore  the  above  flate 
of  faturation  exadf,  and  I  believe  it  to  be  the  molt  ex¬ 
act  that  could  be  depended  on,  the  quantity  of  largely » 
diluted  vitriolic  acid,  employed  in  faturating  the  follii 
alkali  of  the  water,  was  gr.  163.4;  for  the  whole  quan¬ 
tity  added  was  gr.  400,  and  the  fait  of  tartar  of  the  gr. 
84.5,  of  the  dilute  folution  had  required  gr.  236.6  for 
its  faturation.  It  follows,  therefore,  from  the  eflays  I 
had  made,  of  the  power  of  this  diluted  acid,  in  fatu- 
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rating  the  pure  or  cauftic  foffil  alkali,  that  the  unfatu- 
rated  quantity  of  this  alkali,  contained  in  the  gr.  10,000 
of  the  water,  was  gr.  0.952,  which  is  equal  to  gr.  1.587 
of  the  fame  alkali  combined  with  air  and  evaporated 
to  drynefs,  or  gr.  4.409  of  the  fame  in  a  cryllallized 
ftate. 

The  reafon  for  boiling  thefe  waters,  with  the  quan¬ 
tities  of  acid  which  I  had  added  to  them,  in  thefe  lalt 
experiments,  is  fufficiently  obvious.  The  abundance 
of  acid  was  meant  to  infure  the  complete  faturation  of 
the  whole  of  the  alkali,  and  feparation  of  it  from  the 
iiliceous  earth ;  and  the  boiling  promoted  the  fame  pur- 
pofe,  both  by  means  of  the  heat  which  was  applied, 
and  alfo  by  bringing  the  acid  and  alkaline  particles  the 
nearer  to  one  another,  while  the  water  evaporated. 

A  doubt  may,  however,  poffibly  arife  in  the  minds 
of  feme  of  my  readers,  whether  this  boiling  of  the  wa¬ 
ter  might  not  be  attended  with  the  dilfipation  of  fome 
part  of  the  fiiperfluous  acid,  which  was  not  neutralized 
by  the  alkali  of  the  water;  and  if  any  part  of  the  acid 
was  diflipated,  the  conclufions  concerning  the  quan¬ 
tity  of  the  alkali  would  be  necelfarily  erroneous. 


To  remove  this  fcruple,  X  took  gr.  10,000  of  difHlled 
water,  and  added  gr.  ii2of  the  diluted  add.  This 
mixture  was  then  boiled  down,  in  the  fame  manner  as 
the  Iceland  water ;  that  is  to  fay,  in  a  glafs  which  had 
an  oval,  or  nearly  globular  body,  about  five  inches 
deep,  with  a  neck  as  long,  and  half  an  inch  wide.  This 
glafs  was  placed  in  a  fhallow  fand-heat,  the  bottom  of 
which  was  a  flat  iron  plate.  The  boiling  was  conti » 
nued  until  three  fourths  of  the  water  were  evaporated, 
and  then,  removing  it  from  the  fire,  I  added  gr.  40  of 
the  dilute  folution  of  fait  of  tartar.  This  neutralized  it 
exactly,  and  fhewed  that  no  part  of  the  acid  had  been 
diffipated  in  boiling;  and  it  continued  to  fhew  the 
figns  of  fufficiently  exad  faturation,  after  I  had  eva¬ 
porated  it  further  to  the  weight  of  one  ounce,  in  which 
flateanyfuperfluous  alkali,  by  being  lefs  diluted,  would 
have  been  more  eafily  difcernible. 

Experiments  to  determine  the  Nature  and  Quantity  of 

the  earthy  Matter. 

Having  thus  determined  the  quantity  of  unfaturated 
alkali  in  tbefe  Iceland  waters,  my  attention  was  next 
turned  to  the  earthy  matter.  A  fmall  part  of  this 
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earthy  matter  came  into  view  in  the  boiled  and  neu» 
tralized  portions  of  thefe  waters  with  which  I  had 
made  the  above -defcribed  experiments.  The  neutra¬ 
lized  liquors  were  a  little  muddy,  and  depofited  (lowly 
a  fmall  quantity  of  fediment,  which  collected  itfelf 
clofely  to  the  bottom  of  the  glafs,  and  adhered  to  it 
(lightly.  This  fediment  in  the  Rykum  water  was 
deeply  tinged  with  the  colouring  matter  of  the  litmus ; 
in  the  Geyzer  water,  it  had  a  brown  tinge,  and  there 
wras  a  little  more  of  it  than  in  the  other.  I  cohered 
thefe  fediments,  by  firft  decanting  the  greater  part  of 
the  liquor  from  them,  and  afterwards  filtrating  the  reft 
in  a  fmall  filtre,  in  which  the  fediment  was  wafhed,  by 
palling  diftilled  water  through  it  feveral  times.  Being 
then  dried  on  the  filtrating  paper,  it  contracted  greatly, 
and  was  divided  by  fifth  res  into  a  great  number  of  final! 
parts,  as  would  have  happened  to  fine  clay,  had  the 
fame  quantity  of  it  been  dried  on  paper  in  a  fimilar 
manner;  and  when  it  was  feparated  from  the  paper, 
and  further  examined,  it  {hewed  the  qualities  of  an 
argillaceous  earth,  combined  with  a  fmall  quantity 
of  colouring  matter.  This  appeared  by  the  following 
experiments ; 
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s.  I  put  feme  of  it,  which  I  had  procured  in  dif¬ 
ferent  experiments,  into  a  platina  fpoon,  and  made  it 
red  hot.  While  heating,  it  firft  became  black,  then 
underwent  a  flight  inflammation,  and  afterwards  be¬ 
came  white,  without  changing  its  external  form,  being 
only  a  little  contracted  in  its  fize,  and  diminifhed  in 
Its  weight. 

2.  To  another  fmall  mafs  of  it,  laid  on  a  plate  of 
glafs,  I  added  a  drop  of  aquafortis,  which  neither  effer- 
vefeed  with  it,  nor  diiTolved  it,  but  only  changed  the 
colour  to  a  paler  red. 

3.  Another  fmall  portion,  which  had  been  gently 
calcined,  was  well  mixed  with  an  equal  weight  of  the 
aerated  foflil  alkali,  and  then  expofed  to  a  flrong  heat 
in  the  platina  fpoon.  The  alkali  was  quickly  melted, 
and  became  cauftic ;  but  I  could  not  by  its  means  bring 
the  earth  into  fufion,  or  if  any  was  diffolved  by  the 
melted  alkali,  it  was  only  a  very  fmall  portion,  not 
percqotible  by  the  appearances. 

4.  Nor  did  I  fucceed  much  better,  when  I  tried  to 
melt  or  diffolve  it,  by  means  of  borax,  heated  on  char¬ 
coal,  with  the  blow -pipe.  A  little  mafs  of  this  earth 
continued  undiflolved  in  the  melted  borax,  and  without 
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any  appearance  of  effervefcing  with  it,  until  I  was 
tired  of  the  experiment. 

This  earth  therefore  cannot  be  any  other  than  the 
argillaceous.  Had  it  been  the  filiceous,  it  would  have 
been  melted  with  the  alkali  into  a  tranfparent  glafss 
which  happened  ealily  with  different  fpecimens  of  pure 
filiceous  earth,  fubjefted  to  the  fame  trial;  and  had  it 
been  any  of  the  alkaline  earths,  the  borax  would  have 
difiolved  it  quickly  with  effervefcence.  The  quantity 
of  this  earthy  fediment,  from  either  of  thefe  neutralized 
waters,  was  very  fmalh  From  gr.  10,000  of  Rykum 
water,  I  could  only  collect  a  quantity,  which,  after  re¬ 
ceiving  an  obfcure  red  heat,  weighed  the  twentieth  part 
of  a  grain ;  from  the  fame  quantity  of  the  Geyzer  wa¬ 
ter,  I  got  about  38  or  39  hundredths  of  a  grain. 

In  one  of  my  experiments  with  Rykum  water,  I  got 
this  argillaceous  earth  from  it  by  another  procefs.  I 
had  a  dry  extract,  obtaining  by  evaporating  gr.  20,000 
of  this  water,  and  which  weighed  gr.~i6|.  Thirty 
grains  of  aquafortis  were  added  to  it.  This  aquafortis 
was  made  up  of  equal  parts  of  the  flrongeft  nitrous  acid 
and  water.  The  extract  was  digeftsd  with  it  fix  or 
eight  hours,  and  then  diftilled  water  being  added,  the 


mixture  was  filtrated  in  a  fmall  filtre,  tofeparate  the  clear 
acid  liquor  from  the  undiffolved  matter.  The  filtrated 
acid  liquor  was  then  faturated,  and  a  little  more  than 
faturated  with  a  pure  aerated  alkaline  fait,  and  the  fa¬ 
turated  mixture  was  heated  to  a  boiling  heat.  It  be¬ 
came  muddy,  and  depofited  a  fmall  quantity  of  fedi- 
ment  like  mucilage,  which  being  collected  by  filtra¬ 
tion,  and  dried,  and  heated  to  an  obfcure  red  heat, 
weighed  jufl  one  tenth  part  of  a  grain,  and  had  the  qua¬ 
lities  above  enumerated,  which  fliewed  that  it  was  an 
argillaceous  earth.  In  another  experiment,  I  digefted 
an  extra£fc  of  Geyzer  water  with  ftrong  vitriolic  acidj 
and  thus  got  from  it  a  fimilar  earth  ;  but  the  quantity 
of  it  was  very  little  greater  than  that  which  T  had  got  by 
fubfidence  from  the  neutralized  and  boiled  part  of  the 
fame  water,  in  the  experiments  above  defcribed. 

The  greater  part,  however,  of  the  earthy  tnatter  had 
not  yet  made  its  appearance;  I  mean  the  filiceous 
earth.  It  ftill  remained  in  a  ftate  of  perfetfl  diffolu- 
tion  in  the  neutralized  and  boiled  mixtures  above  de- 
fcribedj  fome  part  of  which  had  actually  palled  through 
filtrating  paper;  and  I  learned  by  other  trials,  that 
the  whole  of  thefe  neutralized  mixtures  might  have  been 
filtrated,  without  danger  of  feparating  any  part  of  the 
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filiceous  earth  from  the  water,  by  that  operation.  This 
is  a  confequence  of  the  fingular  nature  of  the  filiceous 
earth,  feveral  properties  of  which,  hitherto  unnoticed, 
or  not  exactly  defcribed,  I  became  acquainted  with  in 
the  courfe  of  thefe  experiments. 

We  have  no  experience  of  the  poflibility  of  diflolving 
this  earth  in  its  concrete  ftate  by  water  alone  ;  but  if  it 
be  difiolved  in  water,  by  means  of  an  alkaline  fait,  al¬ 
though  we  afterwards  completely  faturate  the  alkali  with 
an  acid,  the  earth  thus  feparated,  provided  there  is 
enough  of  water,  will  not  fubfi.de ;  it  will  remain  dif- 
folved ;  the  mixture  will  appear  perfectly  tranfparent, 
and  will  pafs  through  the  filtre  without  the  frhallefi:  dif¬ 
ficulty.  To  gr.  iooo  of  the  Geyzer  water,  I  added 
more  than  enough  of  acid  to  faturate  the  alkali.  I 
then  boiled  the  mixture  a  little  while,  until  a  fmall  part 
of  it  only  was  evaporated,  and  I  fet  it  afide  in  a  quiet 
place.  I  know  it  contains  a  little  more  than  half  a 
grain  of  filiceous  earth;  but  after  Handing  twelve 
months,  there  is  not  the  fmalleft  appearance  of  fepara- 
tion,  the  mixture  is  Hill  perfedly  tranfparent  and  fluid 
in  every  part  of  it,  though  it  be  decidedly  acid ;  and  I 
know,  that  had  it  been  boiled  down  to  a  proper  degree, 
a  reparation  of  the  filiceous  earth  would  have  happened 
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in  a  fhort  time.  1  learned  this  by  another  experiment 
with  Rykum  water.  To  gr.  1000  of  this  water,  I  ad* 
ded  a  quantity  of  acid  more  than  fufficient  for  faturating 
the  alkali.  The  water  was  then  boiled  till  it  weighed 
only  138  grains,  and  it  was  fet  up  in  my  clofet  to  re¬ 
main  undifturbed.  In  about  eight  days,  the  tranfpa- 
rency  of  it  was  a  little  diminillied,  and  afterwards  there 
was  a  very  flow  fublidence  of  the  matter  which  had  pro¬ 
duced  this  effedt.  It  formed  gradually,  at  the  bottom, 
a  lira  turn  of  fome  thicknefs.  which  was  a  little  lefs 
tranfparent  than  the  clear  water  above,  and  was  thereby 
diftinguifhable  from  it.  After  a  week  or  two  more,  I 
poured  off  the  clear  water  entirely,  without  diflurbing 
She  fediment,  which  was  in  fadt  a  tender  jelly,  adhering 
to  the  bottom  of  the  glafs,  and  the  upper  furface  of 
which  was  level  and  fmooth.  I  knew  the  quantity  of 
filiceous  earth  contained  in  it;  and  comparing  this 
with  the  weight  of  the  water  when  reduced  by  boiling 
to  gr.  138,  I  found  the  proportion  of  the  earth  to  that 
quantity  of  water  to  be  as  2,68  to  1000;  and  having 
weighed  the  jelly  by  itfelf,  the  proportion  of  filiceous 
earth  to  the  water  in  it,  fuppofing  that  it  contained 
the  whole  of  the  earth,  was  1 0.8  8  to  1000.  In  another 
experiment,  in  which  a  fimilar  mixture  had  been  lefs 
boiled,  and  in  which  the  filiceous  earth  bore  to  the 
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water  the  proportion  of  a.x  or  2.2  to  1000,  I  found  a 
foft  jelly  formed  at  the  end  of  40  days.  And  in  ano¬ 
ther,  in  which  the  boiling  and  evaporation  was  conti¬ 
nued  until  the  jelly  began  to  be  formed  in  the  upper 
part  of  the  liquor  while  it  was  boiling,  I  found  the  pro¬ 
portion  of  the  liliceous  earth  to  the  remaining  water  to 
be  nearly  as  3  75  to  1000. 

After  this  jelly  is  once  formed,  I  never  could  bring 
it  again  into  a  flate  of  diflolution  by  water  alone,  what¬ 
ever  quantity  of  this  lafl  was  added. 

It  appears  therefore  by  thefe  experiments,  that  when 
filiceous  earth,  united  with  an  alkali,  is  diffolved  in 
1000  times,  or  in  more  than  500  times  its  weight  of 
water,  it  will  not  feparate  or  fubfide  from  that  quan¬ 
tity  of  water,  although  we  feparate  or  difengage  the 
alkali  from  it.  The  particles  of  it,  placed  at  that  dif- 
tance,  do  not  ad  on  one  another  by  their  attradion  of 
cohefion  or  concretion.  It  is  necefiarv,  in  order  to 
enable  them  to  attrad  one  another,  that  they  be  brought 
nearer,  by  diminifhing  the  quantity  of  the  water,  until 
it  be  lefs  than  £00  times  the  weight  of  the  earth.  When 
this  is  done,  they  will  enter  into  a  flate  of  cohefion, 
fooner  or  later,  according  a£  the  water  has  been  more 
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of  lefs  dlminifhed.  But  this  ftate  of  cohdlon  into 
which  they  firft  enter  is  alfo  remarkable.  The  force 
of  it  is  exceedingly  weak,  and  it  takes  place  while  the 
particles  of  the  earth  are  hill  at  a  confiderable  di  fiance 
from  one  anotherT  They  therefore  retain  and  entangle 
among  them  a  large  quantity  of  water,  amounting  to 
about  ioo  times  their  own  weight,  and  perhaps  more 
than  200  times  their  bulk,  with  which  they  form  a 
confident  jelly,  almofl  perfectly  tranfparent. 

It  may  be  afked  here,  what  prevents  the  particles  of 
this  earth  from  approaching  one  another  more  nearly, 
and  entering  into  a  hate  of  ftronger  cohefion  ?  We 
may,  if  we  pleafe,  imagine  that  they  retain  round  each 
of  them,  by  chemical  attraction,  a  quantity  of  water, 
which  forms  a  little  fphere,  or  polyliaedron,  with  the 
particle  of  earth  in  its  centre.  Thus,  each  particle  is 
prevented  from  coining  within  a  fmaller  diftance  of  the 
other  particles  around  it,  than  the  diameter  of  that 
fphere ;  but  let  the  water  of  thefe  ipherules  be  dimi- 
nifhed  in  quantity  by  evaporation,  in  confequence  of 
heat,  or  the  attraction  of  the  air,  the  particles  of  the 
earth  will  immediately  enter  into  a  ftate  of  clofer  con¬ 
nection  and  ftronger  cohefion,  of  which  we  have  ex? 
amples  in  the  exceffive  contraction  of  the  jelly,  while 
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It  is  dried  up  into  crufts,  and  in  thofe  circles  of  thin 
incruftation  which  were  formed  on  the  tides  of  the 
glafs  veflels,  while  the  waters  were  evaporated  to  dry-* 
nefs  in  the  firft  experiment,  the  particles  of  which  were 
fo  ftrongly  united  to  one  another,  and  to  the  furface  of 
the  glafs,  that  they  coft  me  much  trouble  and  time  to 
fcrape  them  off  with  a  knife. 

When  fuch  a  concretion  is  once  formed  of  this  earth, 
and  afterwards  receives  frequent  additions  of  the  fame 
matter,  which  iniirmating  itfelf  into  the  pores  of  the 
concretion,  is  ftxed  there,  and  increafes  its  denfity  and 
folidity,  the  mafs  may  in  time  acquire  a  furprifing  de¬ 
gree  of  hardnefs.  The  petrifactions  of  Geyzer  are 
undoubtedly  formed  in  this  manner,  and  fome  of 
them  are  fo  denfe  and  hard,  that  they  are  fcarcelydif- 
jdnguiftiable  from  agate  or  calcedony. 

After  making  thefe  obfervations  on  the  nature  of  the 
filiceous  earth,  the  proper  method  for  extracting  it 
from  the  above  boiled  and  neutralized  portions  of  thefe 
waters,  was  fufficiently  obvious.  I  feparately  evapo¬ 
rated  them  to  drynefs  with  a  gentle  heat  in  two  china 
cups,  carefully  walking  every  drop  of  them  from  the 
glaffes  into  the  cups  with  diftilled  water,  and  then 
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taking  the  dry  extra6fo  out  of  the  cups,  I  put  them 
feparately  into  fmall  filtrating  papers,  and  paffed  dif* 
tilled  water  through  them  repeatedly,  until  all  the  fa* 
line  matter  was  wafhed  away.  The  papers  being  then 
carefully  dried,  I  found  the  earth  in  them  exceedingly 
fpungy,  fine,  and  tender.  The  quantity  of  it  obtained 
in  this  flate  from  the  gr,  10,000  of  Rykum  water, 
was  gr.  3.8,  which  were  reduced  by  the  aftion  of  an 
obfcure  red  heat  to  gr.  3.73  nearly.  From  the  fame 
quantity  of  the  Geyzer  water,  I  got  gr.  6.8  of  the  dried 
earth,  which,  by  a  fimilar  heat,  were  reduced  to  gr.  $.4, 
and  thefe  gr.  5.4,  being  digefted  with  aqua-fortis,  and 
again  wafhed  with  diftilled  water,  to  extract  any  ar« 
gillaceous  earth  that  might  remain  in  them,  I  ob* 
tamed  only  gr.  o.  1  of  this  earth,  which,  added  to  the 
quantity  obtained  before,  makes  up  gr.  0.48  of  the  ar* 
gillaceous  earth,  from  the  gr,  10,000  of  Geyzer  water, 
the  remaining  gr.  5.3  being  pure  filiceous  earth.  Some 
of  it  was  melted  into  a  perfeft  glafs  in  the  platina 
fpoon,  with  one  half  of  its  weight  of  aerated  foflil  ab 
kali  evaporated  to  drynefs.  The  diminution  of  the 
weight  of  the  dried  earth,  from  gr.  6.8  to  gr.  5.4, 
which  happened  when  it  wras  gently  calcined,  pro¬ 
ceeded  from  fome  inflammable  matter,  which  adhered 
to  it  at  flrft,  and  gave  it  a  yellowifh  colour.  This 
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colour  changed  firft  to  black,  and  afterwards  to  a  pure 
white,  during  the  calcination*  The  inflammable  co¬ 
louring  matter  might  have  been  received  in  part  from, 
the  veflels  in  which  the  water  was  brought,  fome  of 
which  were  tainted  with  the  odour  of  Ipirituous  li» 
quors,  or  the  water  might  have  got  a  part  of  it  from 
fubterranean  ftrata  of  clay,  or  otheriearths  containing 
inflammable  matter. 


Experiments  to  learn  the  Quantity  of  the  Neutral  SaltSb 

The  only  ingredients  of  thefe  waters,  the  quantity 
of  which  had  not  yet  been  examined,  were  the  neutral 
falts.  The  preliminary  experiments,  and  the  appear¬ 
ances  obferved  in  the  watery  folutions  of  the  extracts 
of  thefe  waters,  gave  me  reafon  to  be  fatisfied,  that 
thefe  neutral  falts  were  partly  common  fait  and  partly 
Glauber’s  fait.  To  afcertain  the  quantities  of  them,  I 
made  the  following  experiments :  1  had  fome  common 
fait,  which  had  been  refined  by  a  fecond  cryftallization, 
and  was  in  folid  dry  and  large  cryftats.  Of  this  1 
weighed  ten  grains  exactly,  which  were  diflblved  in 
about  half  a  pound  of  difliiled  water.  I  then  added 
a  folution  of  filver,  which  contained  a  little  fuper- 


fluous  acid.  The  filver  was  precipitated  in  the  forrff 
of  luna  cornea,  or  argentum  muriatum;  and  I  took 
care  to  add  rather  more  than  the  quantity  which  the 
ten  grains  of  common  fait  could  precipitate.  The  luna 
cornea,  after  complete  fbbfidence,  and  decantation  of 
the  faline  water  from  it,  was  carefully  collected  on  a 
fmall  filtre,  and  well  walked  with  diftilled  water,  and 
thoroughly  dried  and  weighed.  I  thus  learned,  that 
ioo  parts  of  common  fait  are  fufficient  to  give  235  of 
luna  cornea.  This  enabled  me  to  learn,  by  fimiiar 
experiments,  how  much  common  fait  is  contained 
in  the  Iceland  waters,  and  I  found  that  the  quantity 
contained  in  10,000  grains  of  Rykum  water  was  gr. 
2.90,  and  in  the  fame  quantity  of  the  Geyzer  water,  I 
found  there  was  gr.  2.46  of  common  fait.  Some  of 
my  readers  may,  perhaps,  be  inclined  to  fufpedl,  that 
the  Glauber’s  fait  contained  in  the  Iceland  waters 
might,  by  means  of  its  vitriolic  acid,  contribute  to  the 
precipitation  of  a  part  of  the  filver ;  but  experiments 
have  fatisfied  me,  that  a  fmall  quantity  of  vitriolic 
acid,  or  of  any  vitriolic  fait,  dilfolved  in  a  large  quan¬ 
tity  of  water,  does  not  precipitate  filver;*  and  topee-* 
vent  any  part  of  the  filver  being  precipitated  by  the 


See  1  V>e  Appendix  to  this  papet. 
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alkali  of  the  water,  I  added  of  purified  aquafortis,  more 
than  enough  to  faturate  the  alkali,  before  I  added  the 
folution  of  filver. 

Another  fet  of  experiments,  on  the  fame  plan,  but 
made  with  Glauber’s  fait  and  the  folution  of  ba¬ 
rytes,  in  place  of  common  fait  and  folution  of  filver, 
enabled  me  to  afcertain  with  equal  exa&nefs  the  quan¬ 
tity  of  Glauber’s  fait  contained  in  thefe  waters.  I  firft 
learned,  that  if  pure  Glauber’s  fait  be  perfectly  exfic- 
cated,  by  evaporating  the  water  that  is  in  its  cryftals, 
ten  parts  of  this  exficcated  fait  are  fufficient  to  precipi¬ 
tate  as  much  barytes,  from  its  folution  in  muriatic 
acid,  as  will  form  17  of  barytes  vitriolica.  This  fa£f 
being  afcertained,  I  added  feme  of  the  difiolved  barytes 
to  feparate  portions  of  the  Iceland  waters,  fo  long  as 
any  muddinefs  and  precipitation  was  produced;  and 
X  carefully  collected,  wafiied,  dried,  and  weighed  the 
precipitates.*  I  thus  learned,  that  the  water  of  Rvkum 
contains  in  gr.  10,000  of  it,  as  much  Glauber’s  fait  as 

The  method  by  which  thefe  fmali  quantities  of  fediments 
and  precipitates  were  collected  and  weighed,  is  explained  in  the 
Appendix  to  this  paper. 
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would  give  gr.  x.aS  of  exficcated  Glaubers  falfj 
and  the  water  of  Geyzer  as  much  as  would  giv6 
gr,  1.46. 

In  making  thefe  laft  experiments  alfo,  I  added  fome 
purified  nitric  add  to  the  Iceland  waters,  to  prevent 
any  precipitation  of  the  barytes  which  might  have  been 
occasioned  by  the  alkali  of  the  water. 

In  reviewing  the  experiments  I  have  now  defcribed, 
if  we  neglect  the  fmall.  quantity  of  fulphureous  gas,  the 
contents  of  thefe  waters  will  appear  as  follows  s 

In  gr.  10,000  of  Rykum  water  there  are, 


Of  cauftic  foffil  alkali 

*  ' 

- 

» 

gr.  o.Jt 

Argillaceous  earth  - 

- 

- 

0.03 

Siliceous  earth 

•as 

* 

- 

3-73 

Common  fait 

m 

* 

- 

^,90 

Glauber’s  fait  when  exficcated 

- 

1.28 

Total 

-  8-47 
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In  gr,  iq,oco  of  Geyzer  water, 


Cauftic  foffil  alkali 

-  gr.  0.95 

Argillaceous  earth  - 

»  -  O48 

Siliceous  earth 

540 

Common  fait 

2.46 

Glauber’s  fait  exficcated  - 

2.46 

Total  -  10,75 

Thefe  quantities  of  the  ingredients,  as  determined 
by  the  above  experiments,  exceed  the  quantities  of  dry 
extract  which  I  obtained  by  evaporation.  Gr.  10,000 
of  the  Rykum  water  gave,  by  evaporation,  gr.  8.25  of 
dry  extras,  and  the  fame  quantity  of  Geyzer  gave  gr, 
10  only.  This  difference,  however,  can  eafily  be  ac¬ 
counted  for.  It  is  well  known,  that  common  fait, 
and  other  falts,  fuffer  fome  lofs  by  evaporation,  when 
watery  folutions  of  them  are  evaporated  to  drynefs ; 
and  the  odour  which  was  perceived  in  the  end  of  the 
evaporation  of  thefe  waters,  made  me  fufpeft  that  a 
tittle  of  the  fait  might  have  been  loft.  There  was 
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therefore  no  reafon  to  exped,  that  the  refult  of  the 
analytical  experiments  would  tally  exa&ly  with  the  ex- 
trad  by  evaporation.  I  was  rather  furprifed  and  pleafed 
to  find  that  they  came  fo  near,  and  I  am  perfe&fy  fa- 
tisfied  that  this  analyfis  is  as  complete  and  exad  as  it 
was  in  my  power  to  make  it,  with  that  quantity  of 
water  which  I  got  for  this  purpofe. 

The  proportions  of  the  above  enumerated  ingre¬ 
dients  to  the  water  in  which  they  are  contained,  fhew 
the  quantities  of  them  contained  in  an  Englifh  gallon  of 
23 1  cubical  inches,  or  58,484  grains,  which  are  as 
follows;  \ 


In  an  Englifh  gallon  of  Rykum  water. 


Cauftic  foffil  alkali 

- 

■  gr-3' 

Argillaceous  earth  - 

- 

■*  0.2  9 

Siliceous  earth 

■*> 

21.83 

Common  fait 

16.96 

Glauber’s  fait  exficcated  - 

* 

7*53 
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In  an  Englifh  gallon  of  Geyzer  water., 


Cauftic  foffil  alkali 

-  gr-  S-56 

Argillaceous  earth 

2.  So 

Siliceous  earth 

-  3t-38 

Common  fait 

-  -  I4.42 

Glauber’s  fait  exficcated 

8.57 

Having  now  hated  the  feveral 

ingredients  of  thefe 

hot  iprings,  and  their  proportions,  the  principal  ques¬ 
tions  which  remain  to  be  confidered,  are,  how  is  the 
filiceous  earth  diffolved  in  them,  or  combined  with 
the  water?  Has  hot  water  alone  a  power  to  diffolve 
this  earth,  or  was  it  diffolved  by  the  medium  of  the 
alkali  only  ?  And  how  came  the  falts  which  we  find 
in  thefe  waters,  and  the  fulphureous  gas  to  be  com¬ 
bined  with  them  ?  As  all  attempts  to  anfwer  thefe 
queftious.  muff  be  conjedtural,  different  opinions  will 
be  formed  concerning  them;  and  1  may  offer  what  I 
have  imagined,  without  its  being  thought  neceffary  to 
make  an  apology.  ProfefTor  Bergman  confidered 
the  filiceous  earth  in  thefe  waters  as  diffolved  by  the 
power  of  the  hot  water  alone;  and  fuppofed,  that  wa¬ 
ter,  aided  by  exceflive  heat,  became  a  folvent  of  this 

N 
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fpecies  of  earth.  He  formed  this  opinion,  however, 
under  difad vantageous  circumftances,  and  from  a  par¬ 
tial  view  of  the  fubjeff.  He  only  knew  that  this  earth 
is  actually  diffolved  in  thefe  waters,  and  depofited  by 
them;  and  that  they  fpring  out  of  the  ground  of  a  full 
boiling  heat,  with  appearances  of  their  having  been 
hotter  below.  He  did  not  know  what  other  ingredients 
they  contained  along  with  the  earth.  As  we  now  know 
they  contain  an  alkali,  which  is  a  powerful  medium 
for  combining  this  earth  with  water,  I  do  not  think 
that  the  power  of  water  alone  to  diffolve  it  can  be  ad¬ 
mitted,  until  it  is  proved  by  direcff  experiments;  and 
I  am  not  of  opinion  that  thefe  will  fucceed.  I  am 
perfuaded,  that  both  the  filiceous  and  the  argillaceous 
earth  have  been  diffolved  by  the  medium  of  the  al¬ 
kali,  but,  at  the  fame  time,  that  the  violent  and  long- 
continued  heat  contributed  greatly,  and  was  even  ne- 
ceffary  to  this  diffolution.  The  proportion  of  the  cauf- 
tic  alkali  to  the  earthy  matter  in  one  of  thefe  waters, 
is  as  13^  to  100;  in  the  other  it  is  16  to  100.  When 
we  form  artificial  compounds  of  filiceous  earth  and 
alkali  in  thefe  proportions,  we  find  that  cold  water  has 
no  power  to  diffolve  them,  though  boiling  water,  by 
length  of  time  would  certainly  adt  on  them.  Even 
cold  water,  or  the  humidity  of  the  earth,  is  well  known 
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to  penetrate  the  hardeft  glafs  that  is  expofed  to  it  for 
years  or  for  ages;  and  I  have  had  the  experience  of 
the  power  of  hot  water  to  a£t  on  glafs,  when  I  have 
diftilled  water  in  the  fame  glafs  retorts  a  great  number 
of  times,  or  evaporated  water  often  in  other  glafs  vef- 
fels.  Their  internal  furface  was  evidently  affeCted  by 
the  continued  action  of  the  hot  water.  Its  firft  effect 
is  to  fofiten  thin  laminae  at  the  furface  of  the  glafs,  and 
to  make  them  feparate  from  that  furface,  in  confe- 
quence  probably  of  their  being  fwelled  and  extended 
by  the  water  penetrating  into  them;  and  by  a  longer 
aCtion  of  the  water,  there  is  no  doubt  that  they,  or 
fome  part  of  them,  are  completely  diffolved. 

/ 

Thofe  who  may  have  objections  againft  admitting;, 
that  a  boiling  heat,  and  great  length  of  time,  are  fuffi- 
dent  aids  to  enable  water  to  diftolve  a  compound  of 
the  filiceous  earth  with  fuch  a  fmall  proportion  of  al¬ 
kali,  may  imagine  this  earth  to  have  been  at  firft  com¬ 
bined  with  a  larger  proportion  of  alkali,  than  that  we 
now  find  combined  with  it,  and  that  after  it  was  difi- 
folved  in  the  water,  a  part  of  this  alkali  was  neutralized 
by  acid  vapours,  or  acid  fubftances,  which  the  water 
found  in  its  way  towards  the  furface. 
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On  the  whole,  however,  the  fuppofition  which  ap* 
pears  to  me  the  moft  probable  is,  that  common  fait 
and  Glauber’s  fait,  conveyed  by  fea- water,  or  con¬ 
tained  in  foflils  formed  from  fea-plants,  have  been  ap¬ 
plied,  under  the  influence  of  a  violent  heat,  to  fome 
of  the  numerous  earthy  and  ftony  ftrata  which  con- 
tain  mixtures  of  filiceous  and  argillaceous  earth  ;  that 
thofe  falts  have  beeii  in  part  decompounded,  by  the 
attraction  of  thefe  earths  for  the  alkali  of  the  neutral 
fait,  part  of  the  acid  has  been  dilfipated,  or  changed 
into  fulphur,  and  fulphureous  gas,  by  the  aCtion  on  it 

at  the  fame  time  of  inflammable  matter,  which  we 

• 

know  to  be  prefent  in  many  of  the  ftrata ;  and  that  the 
compound  of  alkali  and  earthy  matter  has  afterwards 
been  long  expofed,  and  continues  expofed,  to  the  ac¬ 
tion  of  the  hot  water.  By  fuch  a  fuppofition,  we  can 
imagine  how  the  ieveral  ingredients  of  thefe  hot  fprings 
became  diffolved  in  them;  and  this  fuppofition  appears 
the  more  probable,  '  when  we  attend  to  the  accurate 
obfervations  of  Mr.  Stanley,  on  the  nature  of  the 
country,  and  fiate  of  the  fail,  in  which  thefe  two  hot 
fprings  are  found.  The  rocks  and  mountains,  which 
are  at  a  fmall  di fiance,  or  in  the  immediate  vicinity  of 
each  of  them,  are  formed  chiefly  of  different  kinds  of 
lava.  The  lower  country  and  foil  at  the  foot  of  thefe?; 
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and  in  which  the  fprings  rife,  is  compofed  of  fragments 
of  thefe  lavas  ;  but  in  digging  into  this  foil  orrubbilh, 

to  a  fmall  depth  only,  thefe  fragments  are  every  where 

\ 

found  refolving,  or  refolved,  into  a  matter,  like  clay. 
At  a  certain  depth,  the  fragments  of  fome  fpecies  of 
lava  remain  entire  and  hard,  while  the  reft  are  changed. 
At  a  greater  depth,  even  thefe  more  durable  kinds  are 
found  to  have  undergone  the  fame  change  with  the  reft. 
As  this  change  is  produced  by  the  conftant  a&ion  of 
the  hot  water,  it  probably  depends  on  a  gradual  difto- 
lution  and  extraction  from  thefe  lavas  of  fome  of  their 
ingredients,  which  are  diftolvable  in  water ;  and  thofe 
which  we  have  actually  found  in  the  water  may  have 
been  fome  of  thefe.  But  I  offer  all  this  as  a  conjec¬ 
ture  only,  which  every  perfon  who  does  not  like  it, 
is  at  liberty  to  rejeCt, 


I  {hall  venture  further  to  offer  another  conje&ure, 
which  fome  particulars  I  learned  by  Mr.  Stanley’s 
voyage  to  Iceland  have  fuggefted  to  my  mind.  It  is 
concerning  the  origin  of  the  pure  fulphur,  which  is 
found  at  thefurface  of  the  earth,  in  the  neighbourhood 
of  many  volcanos  in  different  parts  of  the  world.  In 
Iceland,  there  are  places  in  which  fulphur  is  thus 
found  in  very  great  quantity,  covering  the  furface  of 
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the  ground,  and  that  of  the  ftones  and  rocks,  in  form 
of  a  thick  cruft,  and  conflicting  what  are  called  fulphur 
hanks.  This  was  feen  in  Iceland  in  particular  fpots, 
in  which  there  were  very  ftrong  fulphureous  hot 
fprings,  which  emitted  iiich  a  quantity  of  fulphureous 
or  hepatic  gas,  that  the  air  all  around  was  infected  with 
it  to  the  higheft  degree,  and  the  water  itfelf  was  muddy 
and  black,  and  conftantly  boiling.  Now,  as  we  know 
that  vital  air  has  the  power  to  decompound  this  gas,  and 
to  make  it  depofit  the  fulphur  which  it  contains,  I  am 
of  opinion,  that  the  fulphur  which  appeared  in  fuch 
quantity  in  the  vicinity  of  thefe  fprings,  had  been  de~ 
poftted  and  accumulated  in  this  manner  from  the  he¬ 
patic  gas,  which  thefe  ftrongly-fulphureous  fprings 
have  emitted  during  a  great  length  of  time. 
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APPENDIX. 


IN  order  to  {hew,  that  fuch  a  fmall  proportion  of 
a  vitriolic  fait  as  is  contained  in  the  Iceland  waters, 
has  not  the  power  to  precipitate  filver,  I  diflolved  gr. 
0.3  of  exficcated  Glauber’s  fait,  in  gr.  2000  of  diftilled 
water,  which  thus  contained  a  proportion  of  Glauber’s 
fait  rather  greater  than  that  contained  in  the  Iceland 
waters.  I  then  added  five  drops  of  purified  aquafortis, 
and  five  drops  of  the  folution  of  filver.  The  mixture 
remained  tranfparent  feveral  days.  I  afterwards  added 
gr.  0.7  more  of  the  exficcated  Glauber’s  fait,  without 
diminifhing  in  the  leafi:  the  tranfparency  of  the  mix¬ 
ture.  After  a  few  days  more,  I  added  gr.  9  of  the  ex¬ 
ficcated  Glauber’s  fait.  This  produced  a  dimiilution 
pf  tranfparency,  and  the  fediment  fubfided  in  a  few 
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days  more.  This  fediment  being  carefully  colle&ed 
and  dried,  weighed  gr.  0.3  ;  but  the  clear  liquor  which 
had  been  filtrated  from  it,  ftill  retained  the  greater  part 
of  the  filver.  I  therefore  added  to  it  fome  pure  com¬ 
mon  fait,  which  precipitated  all  the  reft  of  the  filver, 
and  this  laft  precipitate,  being  alfo  collected  and  dried, 
weighed  juft  one  grain. 

When  I  examined  thefe  two  precipitates  by  means 
of  the  blowpipe,  their  qualities  appeared  to  me  fo 
much  the  fame,  that  I  fufpedl  the  firft  was  produced 
by  a  fmall  quantity  of  common  fait,  contained  imper¬ 
ceptibly  in  the  Glauber’s  fait.  If  there  were  12  or  13 
parts  of  common  fait  in  1000  of  the  Glauber’s  fait, 
they  were  enough  to  produce  the  above  quantity  of 
the  firft  precipitate ;  and  as  Glauber’s  fait  is  prepared 
from  common  fait,  we  can  eafily  underftand  how  a 
fmall  quantity  of  the  common  fait  may  remain  in  it. 

For  the  fake  of  thofe  who  may  have  occafion  to  un¬ 
dertake  fuch  chemical  inquiries  as  that  defcribed  in 
the  above  paper,  I  fhall  here  mention  the  method  by 
which  I  colle&ed  and  weighed  the  fmall  quantities  of 
fediments  or  precipitates,  which  I  obtained  in  fome  of 
thefe  experiments.  In  moft  cafes,  the  turbid  liquor 
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was  left  at  reft  in  a  cylindrical  glafs,  until  the  fedi^ 
ment  was  fo  well  collected  at  the  bottom,  that  the 
greateft  part  of  the  liquor  was  quite  clear,  and  then  this 
,  clear  part  was  carefully  decanted ;  the  reft,  which 
could  not  be  decanted  without  difturbing  the  fedi- 
ment,  was  fhaken,  and  poured  gradually  into  a  fmall 
filtre,  that  the  fediment  might  be  colledted  upon  the 
filtre,  and  afterwards  wafhed  on  it,  by  palling  diftilled 
water  through  it  repeatedly.  And  this  part  of  the 
procefs  was  much  facilitated  by  the  preparation  of  the 
filtre,  and  fome  other  little  manoeuvres.  When,  for 
example,  I  ufed  for  my  filtre  a  piece  of  paper  about 
four  inches  in  diameter,  I  began  by  folding  it,  and 
giving  it  the  proper  form ;  then  I  fpread  it  open  again, 
and  warming  it,  I  applied  melted  tallow  or  bees  wax 
to  the  margin  of  it  all  round,  until  it  was  foaked  there¬ 
with  to  the  breadth  of  a  full  inch  from  the  margin  in¬ 
wards,  the  middle  part  of  it  being  carefully  preferved 
clean.  As  foon  as  this  was  done,  and  while  it  was  yet 
a  little  warm,  it  was  folded  again  into  the  proper  form 
of  a  filtre,  and  retained  in  that  ftate  until  it  was  cold. 
On  a  filtre  prepared  in  this  manner,  it  is  much  more 
eafy  to  colled!  a  fediment  together,  and  to  wafh  it 
clean,  than  on  an  ordinary  filtre.  In  the  firft  place, 

no  part  of  the  fediment  adheres  to  or  is  depofited  on 

o 
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that  part  of  the  paper  which  was  leaked  with  tallow. 
The  whole  is  collected  on  the  clean  part  of  the  paper, 
and  after  it  is  collected  there,  I  condenfe  it  into  the 
centre  as  much  as  poffible,  by  dropping  the  diflilled 
water  on  the  margin  of  that  clean  part  all  round,  or  a 
little  above  that  margin,  by  which  practice  the  feat¬ 
ured  particles  of  the  fediment  are  walked  down  into 
the  bottom.  Sometimes  I  apply  what  may  be  called 
a  capillary  jet  of  the  diflilled  water,  directed  with  force 
to  thofe  parts  of  the  fcattered  fediment  which  are  more 
difficultly  moved.  Having  thus  condenfed  the  fedi¬ 
ment  as  much  as  poffible,  the  filtre  is  left  in  a  cool 
place  to  dry.  When  it  is  perfectly,  or  nearly  dry,  I 
fpread  it  flat  on  a  table,  and  cut  away  ail  that  part 
which  was  foaked  with  tallow,  and  alfo  thofe  parts  of 
the  clean  paper  to  which  the  fediment  does  not  adhere. 
The  reft,  with  the  fediment  on  it,  is  then  well  dried 
before  a  fire,  and  weighed,  and  the  weight  of  it  marked 
down;  and,  laftly,  in  order  to  knowhow  much  of 
this  weight  is  made  up  by  the  paper,  I  take  care,  be¬ 
fore  I  prepare  the  filtre,  to  chufe  another  piece  of  the 
filtrating  paper,  equal  in  thicknefs  to  the  one  of  which 
the  filtre  is  made.  This  equality  of  thicknefs  is  judged 
of  by  holding  the  two  pieces  between  the  eye  and  the 
light ;  or,  for  greater  fecurity,  bits  of  the  two  pieces 
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may  be  cut  off,  exactly  fimilar,  and  equal  in  form  and 
fize,  and  their  weight  compared,  and  allowance  may 
afterwards  be  made  for  their  difference  of  weight,  if 
there  be  a  difference.  After  weighing  the  bit  of  pa¬ 
per  with  the  fediment  on  it,  a  proper  bit  of  the  referved 
paper  is  laid  flat  on  a  fmooth  table  or  plate  of  glafs, 
and  the  paper  on  which  the  fediment  had  been  col- 
le<fted  is  laid  over  it,  with  the  clean  fide  undermoft; 
then  a  bit  of  card,  fomewhat  lefs,  but  nearly  of  the 
fame  form,  is  preffed  down  on  both  the  papers,  and, 
with  a  pair  of  fharp-pointed  fciffars,  or  a  pen-knife, 
the  undermoft  paper  is  cut  exactly  to  the  fame  fhape 
and  fize  as  the  uppermoft,  and  is  afterwards  weighed. 
The  weight  of  it  being  dedu&ed  from  that  of  the  for¬ 
mer,  we  thus  learn  the  weight  of  the  fediment,  with 
a  greater  degree  of  exadlnefs,  and  with  lefs  trouble,  than 
by  any  other  method  which  I  have  been  able  to  con¬ 
trive.  To  complete  this  article,  I  beg  leave  fur¬ 
ther  to  add,  that  the  moft  ready  and  convenient  way 
to  foak  the  margin  of  the  filtrating  paper  with  tallow  or 
wax,  is  to  hold  it  above  a  lighted  candle,  at  a  proper 
diftance  for  warming  it  a  little,  and  then  melting  the 
end  of  another  candle,  apply  it  immediately  to  the 
warmed  paper,  and  repeat  this,  until  the  paper  is  pre¬ 
pared  as  above  directed.  The  prominent  part  of  the 
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wick  of  the  candle,  which  is  thus  melted,  becomes  a 

fort  of  pencil,  which  holds  the  melted  tallow  or  wax( 

and  facilitates  the  application  of  it,  and  the  wick  of  a 
% 

tallow  candle,  on  account  of  its  being  thicker,  is  fitter 
for  this  purpole  than  the  wick  of  a  wax  one. 

The  laft  remark  on  thefe  experiments  I  fnall  now 
make  is,  that  in  the  trials  with  the  folution  of  barytes, 
the  barytes  vitriolica  was  formed  in  particles  fo  very 
minute,  that  they  did  not  all  remain  at  firfi:  upon  the 
filtre.  Some  of  them  pafled  through  it,  and  made  the 
filtrated  liquor  a  little  muddy ;  but  by  making  this 
muddy  liquor  pafs  through  the  filtre  a  fecond  time,  it 
was  made  quite  clear,  the  whole  fediment  being  thus 
colle&ed  on  the  filtre. 
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